Abbreviations and Acronyms

6PPD-Q N-(1,3-Dimethylbutyl)-NNphenyl-p-phenylenediamine-quinone
ADA Americans with Disabilities Act

ADT Average Daily Traffic

AU Assessment Unit

B-IBI Benthos-Benthic Index of Biotic Integrity

BMP Best Management Practice

DO Dissolved Oxygen

DMMD Des Moines Memorial Drive / Des Moines Memorial Drive S
DNR Department of Natural Resources

EIM Environmental Information Management

EJ Environmental Justice

EPA Environmental Protection Agency

GIS Geographic Information System

HAWK High-intensity Activated crossWalK

HRMS High-Resolution Mass Spectrometry

KCSWDM King County Surface Water Design Manual

LID Low Impact Development

MDP Master Drainage Plan

MDR Major Drainage Replacement

MS4 Municipal Separate Storm Sewer System

NERA Northeast Redevelopment Area

NPDES National Pollutant Discharge Elimination System

NTU Nephelometric Turbidity Unit

PSWC Puget Sound Watershed Characterization

SDMP Storm Drainage Master Plan/Planning

SeaTac Seattle-Tacoma International Airport, or City of

SMAP Stormwater Management Action Plan/Planning (Guidance)
SMI Stormwater Management Influence

SWIFD Statewide Washington Integrated Fish Distribution

TIP Transportation Improvement Program
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Abbreviations and Acronyms

TMDL Total Maximum Daily Load

TSS Total Suspended Solids

USGS United States Geological Survey

WDFW Washington Department of Fish and Wildlife
wWQI Water Quality Improvement

WQM Water Quality Monitoring

WRIA Water Resource Inventory Area
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Chapter 1. Introduction

The City of Burien (City) is authorized to discharge stormwater runoff to surface water of the State by the
Washington Department of Ecology (Ecology) under the National Pollutant Discharge Elimination System
(NPDES) Western Washington Phase Il Municipal Stormwater Permit (Permit). Ecology reissued the
Permit, effective August 1, 2019 through July 31, 2024.

Stormwater Management Action Planning (SMAP) is a new requirement of the current Permit. Ecology
uses SMAP as both a verb for the planning process and as a noun for the resulting plan. This document
complies with Permit condition S5.C.1.d, SMAP by following, in large part, Ec o | 020130 &tsrmwater
Management Action Planning Guidance (SMAP Guidance). This document also serves to meet the goals
of the City's Water Quality Combined Financial Assistance Agreement with Ecology.

SMAP is focused on addressing effects of cumulative development on a watershed both under existing

and future conditions. A successful SMAP strategically identifies approaches to alleviate existing

stormwater problems and to protect and improve receiving water conditions while meeting future

population and density targets. SMAP identifies stormwater retrofits, land management and development

strategies, and targeted stormwater management actions or operational improvements to protect and

restore water quality in the selected high-priority receiving water. Receiving waters are prioritized based

on factors Iikely to maximize the results of effort. S
ability to impact the receiving water through stormwater management actions are considered. Therefore,

SMAP gives higher priority to the higher quality receiving water within jurisdictions and to the basins

where jurisdictions have the most influence, either alone or in partnership with another jurisdiction. Once

a receiving water is selected for planning, each jurisdiction will plan actions appropriate to the
jurisdictionds built environment and goals for the rec

The SMAP requirements are established in the Permit and described in more detail in the SMAP
Guidance. The SMAP process consists of three major phases:

Phase 11 Receiving Water Assessment (Section S5.C.1.d.i)
Phase 21 Receiving Water Prioritization (Section S5.C.1.d.ii)
Phase 31 SMAP (Section S5.C.1.d.iii)

Each phase includes several steps which are outlined in this summary. Although there are several ways
to accomplish SMAP, these steps provide a broad outline of the process and the information required to
complete it.

This excerpt describes how the requirements of Phase 1, Receiving Water Assessment and Phase 2,
Receiving Water Prioritization are fulfilled. Phase 1 includes a watershed inventory table, a stormwater
management influence (SMI) assessment for each basin, and a list of candidate basins to be considered
in Phase 2, Receiving Water Prioritization. Phase 2 includes incorporating stakeholder feedback to chose
one priority receiving water and catchment in which to focus the SMAP.
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Chapter 2. Methodology

Section 1. Introduction

Chapter 2 describes the methodol ogy used stSMl,and ses s

analyze relative conditions between the receiving water.

Section 2. Receiving Water Assessment Methodology

The purpose of the Receiving Water Assessment is to identify basins and receiving water that could
benefit from stormwater management planning. The outcome of this phase is a narrowed list of candidate
basins that includes the information needed to support the prioritization process.

There are three steps involved in this phase:

Step 17 Delineate basins and identify receiving water
Step 27 Assess receiving water conditions

Step 31 Assess relative conditions, contributions, and influences

Step 17 Delineate Basins and Identify Receiving Water

The receiving water in the City were identifiedbyover | ayi ng the Cityés NPDES
surface water bodies such as creeks, streams, rivers, lakes, and wetlands (Figure 2-1). Nine basins

draining into the receiving water had been delineated for the 2020 Storm Drainage Master Plan (SDMP)
(Otak, 2020). Basin delineations in the SDMP were based on watersheds delineated by King County and
were modified using topographyand t he Ci ty 6s sdata. FaonthesSMaRstudysSDMP e m
basin delineations were generally not modified; however, the Miller-Walker basin was split into two

basinsd one draining to Miller Creek, and another to Walker Creek.

I n this dreatenbasenintr éif er s to the entire basin wilet hin
fbasinorefers to only the portion of the greater basinwithinBur i enés juri sdiction.

Receiving Water Inventory and Screening Process

Table 2-1 lists each receiving water, the greater basin area draining to the receiving water, and the
fraction of that basin within City limits. Then a screening process was applied to sort basins into those
that would receive a rapid receiving water assessment and those that would receive a detailed receiving
water assessment. This screening process, shown in Figure 2-2, sorted receiving water basin based on
size of the greater basin and the fraction of the greater basin within City limits. Receiving water with
greater basin areas less than one square mile were sorted into the rapid assessment group because one
square mile is likely the smallest area needed to support a perennial stream, and these basins are not
recommended for SMAP planning (Ecology 2019, p.3). Similarly, water with a greater basin area larger
than twenty square miles were sorted into the rapid assessment group because the guidance states that

t he

desi

t

he

Airivers and most | arge streams (more than third Strahl
to result in noticeabl e i mpGreatereasires withamareé lletweehongand 201 9,

twenty square miles were then reviewed to determine if the City controls at least twenty percent of the
greater basin. This value was selected to ensure the City can have a significant impact in the basin.

Of the nine basins, six received a rapid assessment, and three received a more detailed assessment.
Miller, Walker, and Salmon Creeks were assessed in detail; they are shown in green highlight in Table
2-1. Note that the greater basin area of Lower Puget Sound i Burien South appears to be a candidate for
a detailed receiving water assessment based on its size. However, it comprises many smaller drainage
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basins, which all flow to the Puget Sound through several unnamed tributaries. Individually each of these
basins are too small to justify inclusion into the SMAP. Therefore, the Lower Puget Sound 7 Burien South
is not a viable candidate for a detailed receiving water assessment.
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Table 2-1 Receiving Water Inventory i Greater Basin Area and Fraction within Burien

Basin Name

Receiving
Water Name

Watershed

Greater
Basin Area
(sq miles)

Basin Area
within the
City

(sq miles)

Fraction of
Basin within
the City

Other
Jurisdictions the
Basin Falls Under

Fraction of the

City that is

Occupied by

the Basin

Normandy Park

Seola Creek

Seola Creek

Sound

Central Puget
Sound

12

0.1

12%

Seattle,
Unincorporated King
County

Des Moines Creek Des Moines Creek | Central Puget 5.6 0.1 2% Normandy Park, 1.2%
Sound Des Moines
Duwamish River Tributaries to the Duwamish i 21.6 1.3 6% Tukwila, SeaTac, 13.3%
Duwamish Green River Seattle,
including Hamm Unincorporated King
Creek and two County
unnamed
tributaries
Lower Puget Sound i | Puget Sound Central Puget 0.4 0.3 83% None 3.1%
Burien North Sound
Lower Puget Sound i | Several small Central Puget 1.6 1.6 98% None 15.6%
Burien South unnamed Sound
tributaries
Lower Puget Sound i | Puget Sound Central Puget 1.9 0.0 2% None 0.3%

1.4%
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Step 1

Vil s >

Is the total
Does Burien

drainage basin
more than 1 control more
| than 20% of the
square mile and :
total drainage

less than 20
square miles?

basin area?

Perform rapid receiving
water assessment

YES

Step 2

Proceed to detailed
receiving water
assessment. Score
additional stormwater
management influence
factors for both hydrology
and water quality.

Figure 2-2  Flow Chart used to Screen Receiving Water

Step 21 Assess Receiving Water Conditions

The goal of the receiving water assessment is to understand the level of degradation of the receiving
water under existing conditions, and potential for improvement as development occurs in the basin under
future conditions. Studies associated with the receiving water inform the existing conditions; growth plans,
such as plans to rezone or upzone, and projects from other City departments, such as transportation

improvement projects inform future conditions.

For existing conditions, relevant studies were collected in correspondence with the City, Miller and Walker
Stewardship Program, and King County Water and Land Resources Department (WLRD).

A virtual meeti ng wi t hdersmas held ontFgbduary 10,2028, torinteke st a k e h o |
information relevant to growth in the City. Representatives from the public works, parks, development

review, and community development departments were consulted to gather the following types of

information:

A City-wide growth plans

A Significant transportation improvement projects planned
A Significant parks projects planned

A Studies about underserved communities

The collected information was reviewed, mapped where applicable, and presented in the rapid and

detailed receiving water assessments described below.
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Rapid Receiving Water Assessment

The brief receiving water assessment qualitatively summarizes the hydrology in the basin based on a
desktop assessment of the soils, topography, and land cover in the basin. It also notes any impairments
associated with the surface water body and qualitatively describes existing and future land uses in the
basin. Significant studies associated with the surface water that have been completed, or are in progress,
are also listed. Details on these analyses can be found in the following section.

Detailed Receiving Water Assessment

The intent of the detailed assessment is to understand the level of degradation of flow, water quality, and
habitat in the receiving water under existing conditions. Degradation is qualitatively analyzed based on
changes in land cover and land use since prehistoric conditions, and review of relevant studies in the
basin. Land cover and land use are the primary focus of this assessment because they affect the
guantity, volume, velocity, and quality of stormwater discharged into the receiving water fromt he Ci
municipal separate storm sewer system (MS4). This ties well into the goal of the SMAP: use structural
and non-structural best management practices (BMP), land management/development strategies, and
targeted stormwater management actions to reduce the harmful effects of land cover and land use on the
streambs health.

The detailed receiving water assessments are focused on the portion of each basin within the City limits.

Major Stakeholders in the Basin
Major stakeholders in the basin, such as other jurisdictions that drain into the receiving water, groups that

are active in the watershed with a goal to improve receiving water health, or large property holders in the
drainage basin are noted.

Major Studies in the Basin
Major studies in the basin, such as basin plans, that inform the receiving water assessment are noted.

Aquatic Habitat
The stream type of each receiving water and presence of aquatic species has been identified for each

receivingwaterb as ed o n dritical ar€as Gepgdaphic Information System (GIS) data. Types of
fish species identified in the stream were noted from available studies and the Statewide Washington
Integrated Fish Distribution (SWIFD). The buffer width of a stream has been indicated which is dependent
on the stream type. The location and severity of fish barriers from the Washington Department of Fish
and Wildlife (WDFW) are described for each stream and tributary.

Physical Setting and Flow Characteristics
Receiving water are the result of the physical characteristics of the basin as well as human intervention

that has altered the natural characteristics. The characteristics considered for the receiving water
assessment are listed and described below.

Geology and Soils

The distribution of soil types influences the flow of surface water and groundwater within a basin. The
assessment uses soil data derived from the National Cooperative Soil Survey in raster format at 10-meter
cell size fromthe Nat ur e Co n StermwatenHeatmap. The hydrologic-soil group designations
include outwash, till, saturated soils, and water. Generally, outwash soils allow infiltration. Till and
saturated soils allow limited infiltration and produce more runoff.
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Topography and Stream Slopes

Topography plays a large role in defining drainage basins and influences the flow of water within a basin.
The assessment uses contours from King County.

Land Cover and Flow Control

Changes in land cover from historic forests and prairies to impervious surfaces and lawns impact streams
by directing more runoff to them and changing the timing and duration of their peak flows. Stormwater
facilities designed to control flow (flow control facilities) have been required in Burien since 1998 and
mitigate the impacts of such land cover changes.

Land cover change and mitigated land cover change are assessed. All impervious surface present in

1998 are assumed to be unmitigated. Impervious coverage in 1998 is estimated by visual review of King

Countyds 1909 8.Taestimate turrénnimapgreiaus/cover, the assessment uses land cover in

raster format (10-meter cell size)f r om t he Nature Conser vafdleypdnber®&td or mwat er
type of flow control facilitiesar e count ed fr om t h eFindllytfupui sevedopneentmwat er GI S
pressures and their effect on flow control are described for each basin.

The City has currently adopted the 2016 King County Surface Water Design Manual (KCSWDM), and the
City will adopt the 2021 update in 2022. The KCSWDM requires development and redevelopment to
mitigate for impervious surfaces by providing flow control.

Critical Areas

The City protects stream buffers, landslide areas, seismic hazard areas, wetlands, aquifer recharge

areas, wetland buffers, and floodplains through its critical areas ordinance. Wetlands and wetland buffers

are important to hydrology and water quality because they reduce the velocity of stormwater and provide

a natural filter for sediment and metals. Well-vegetated buffers can help reduce stream temperatures and
increase dissolved oxygen (DO). The presence, quality, and location of critical areas in the watershed can

be key indicators in understanding the health of the watershed. The critical areas were mapped and listed

for each basin. Addi t influanadoh lydrologysandnwvater igualityiwasadéscriaed.e a 6 s

Stormwater Infrastructure

Stormwater pipes, catch basins, manholes, culverts, ditches, vaults, ponds, pumps, swales, outfalls, and
stormwater BMPs are counted and located within each basin to determine whether infrastructure
distribution is consistent with land cover and land use. Areas with high impervious cover or polluting land
uses that are underserved by flow control and water quality facilities are noted.

Water Quality
Water quality is assessed by summarizing information correlating water quality with land uses typically

associated with the stormwater pollutants. Water quality issues described in existing studies are also
reviewed and summarized.

Water Quality Assessment for Washington state

Washington Statebs Department of Ecisreviegegdforseaca 016 Water
receiving water. Any impaired waterbodies are listed along with their impairment categories, total

maximum daily loads (TMDL), and water quality improvement (WQI) projects.

Analysis of Receiving Water Health

Available information for each basin and receiving water is compiled and reviewed to understand water
quality conditions for each receiving water. Each source was summarized and pollutants of concern are
listed for each receiving water.
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Existing Land Use and Water Quality Treatment

Land use has a significant impact on water quality. Th e Ci t y & asedzas amprorydgor land use in
the City. Zoning is classified as polluting or non-polluting for the purpose of this assessment. The areas
zoned commercial (including Community Commercial 1 and 2, Intersection Commercial, Downtown
Commercial, and Regional Commercial), Office, Industrial, Special Planning Areas, and Residential
Multi-family greater than or equal to 12 dwelling units per acre are classified as land uses that contribute
stormwater pollutants: total suspended solids (TSS), turbidity, and metals. Low-density residential (less
than or equal to eight single family residences per acre) were considered non-pollution generating land
uses. When a zone was is polluting, the rights-of-way in that zone are also considered polluting. Highly
traveled roadways also have a significant impact on water quality because these roads tend to produce
more chemical pollutants and dissolved metals in runoff. Additionally, most streets in the City were built
prior to the existence of stormwater regulations as depicted on aerial photographs (see Chapter 3).
Therefore, most streets in the City do not have water quality or flow control facilities to mitigate their
impacts. Highly traveled and very highly traveled roadways in the City were noted.

Most of the City of Burien has already been developed. For development and redevelopment that has
occurred since 1998, some level of water quality treatment likely has been provided. Water quality
facilities are mapped by type and their distribution is described. For some facilities the pollutants and
contributing drainage area are known and discussed.

Water quality retrofits, if installed in the basin or recommended by a water quality study, are noted.

Fecal coliform and other bacteria are pollutants associated with stormwater runoff from all urban and
many rural land uses. Bacteria is also commonly discharged to surface water from malfunctioning private
onsite sewage systems (often known as septic systems). The private septic system density and their
likely influence on water quality are described for each basin.

Development Pressures
T he CCompréhensive Plan, sub area plans, GIS data, the SDMP, and 20221 2027 TIPs are reviewed

for this section. Growth is evaluated based on upcoming development, master plans, and planned
transportation improvement projects and stormwater projects. Since most of the City is already
developed, the development pressures will be in the form of redevelopment, which would have a positive
impact on surface water as sites are brought up to current stormwater standards. Development pressure
is assessed qualitatively based on a visual observation of the extent of the basin covered by growth plans
or plans for transportation projects. City internal stakeholders are consulted for information on
development pressure.

Section 3. Relative Conditions and Contributions Assessment
Methodology

In this step, candidate basins for SMAP are compared to each other, considering SMI, Puget Sound

watershed characterization (PSWC) management strategies, benefit to aquatic habitat, and an

environmental health disparities index. Each factor, the intent of use, and how it is applied in the relative

conditions assessment is described below.

Stormwater Management Influence (SMI)

The influence of the Cityds MS4 and | andvaterses on the e
assessed based on Step 3 of the 2019 SMAP Guidance, with some guidance derived from Building Cities

in the Rain: Watershed Prioritization for Stormwater Retrofits, published by the Washington Department of
Commerce in 2016. The purpose of SMI is to discover thi
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has either alone or in partnership with neighboring jurisdictions on supporting the designated uses in the
three candidate receiving waters. The SMI evaluation in turn informs the selection of a high priority
catchment where the SMAP will be applied.

SMI for each basin is qualitatively evaluated based on information in Table 2.1 and Chapter 3, Receiving
Water Assessment, Sections 3, 4, and 5. Seven factors are considered. A description of each factor and
how it influences the Cityés SMibedksbelowwr e f or each recei vi

The first factor is the size of the basin, fraction of the total basin area within City limits,and Ci t yds | ocat
in the basin (see Table 2.1). Higher scores are given for basins with a greater drainage basin area

between one square mile and 20 square miles and where the City controls a larger fraction of the basin.

The Cityds |l ocation in the basin matters because if thi
reaches City limits, the City may not have a significant impact on its condition. Where the City does not

have jurisdiction over a large fraction of the basin or the portion of the basin within the City is at the

downstream end of a larger basin. Other planned activities in the greater basin are reviewed to assess

whether the City may have a greater influence in partnership with neighboring jurisdictions. For example,

even though a receiving water may be degraded before it reaches the City, the City may coordinate with

other jurisdictions on a large-scale effort to positively impact the receiving water.

The second factor is the influence of groundwater on flows in the receiving water. Lower scores are given
to streams that are primarily influenced by groundwater flows because where groundwater inputs are
significant, an MS4 will have a relatively small influence on stream hydrology (Ecology, 2019).
Groundwater influence, if known, is documented in the receiving water assessments in Chapter 3.

The third factor is impervious land cover that has not been mitigated by flow control facilities. The fraction
of impervious coverage of each basin within City limits is tabulated in Chapter 3. Mitigation by flow control
facilities is evaluated visually based on distribution of facilities within the basin. Impervious coverage and
flow control facilities are mapped for each receiving water in Chapter 3. Higher scores are given to basins
with larger areas of unmitigated impervious coverage because of their greater impact on existing
conditions, and because they may provide more opportunities to install flow control retrofit facilities to
positively impact hydrology of the receiving water.

The fourth factor is polluting land uses that have not been mitigated by water quality facilities. The fraction
of polluting land uses for each basin within City limits is tabulated in Chapter 3. Mitigation by water quality
facilities is evaluated visually based on distribution of facilities within the basin. Higher scores are given to
basins with larger areas of unmitigated polluting land use because of their greater impact on existing
conditions and because they may provide more opportunities to install water quality retrofit facilities.

The fifth factor is the fraction of the basin area that is publicly-owned, including right-of-way and
publicly-owned properties. Higher scores are given to basins with more publicly-owned property for two
reasons: higher likelihood of roadway pollutants contributing to degraded water quality and more
opportunities to locate new stormwater facilities. Each rationale is described further. Right-of-way typically
contains streets that are highly impervious and contribute dissolved metals and chemical pollutants to
receiving water by way of vehicular pollution. Additionally, most streets in the City were built prior to the
existence of stormwater regulations. Therefore, most streets in the City do not have water quality or flow
control facilities to mitigate their impacts. A significant challenge for construction of new stormwater
facilities in cities is the area available to site the facilities. The right-ofway i s wher e most of t he
stormwater infrastructure exists, and construction can occur without the need to acquire easements.

The presence of publicly-owned properties including parks and properties owned by King County, the
Highline School District, and the State of Washington, can often provide opportunities for siting, resulting
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in multi-beneficial use of the available area without acquisitions that may delay projects and increase
costs. For the purposes of this planning level assessment of SMI, a basin with a relatively large fraction of
right-of-way area and publicly-owned property is given a higher score.

The sixth factor is the presence of heavily traveled roadways in the basin because these roads tend to
produce more pollutants in runoff. Lower scores are given to basins with less relative length of roads with
average daily traffic (ADT) less than 7,500 and highways with ADT less than 15,000 (Ecology, 2019).
High ADT roadways for each basin are documented and mapped on the water quality figures in

Chapter 3. The basin with the greatest length of high ADT roadways is assumed to be the basin where
the City will have the greatest SMI.

The seventh factor is development pressure. Lower scores are given to basins that are under pressure of
imminent redevelopment because redeveloped properties will be required to meet current stormwater
management standards for flow control and water quality in many cases. Thus, imminent redevelopment
will decrease the percentages of both unmitigated impervious coverage and polluting land uses in the
future. Development pressure is documented and mapped for each basin in Chapter 3.

To assist in comparison of the three selected basins, most factors described above are depicted on a
relative conditions assessment map. An aerial photo depicts land cover and flow control facilities,
polluting land uses, water quality facilities, City-owned parcels, high ADT roadways, and development
pressures are shown.

Puget Sound Watershed Characterization (PSWC) Management Strategy

The 2019 SMAP Guidance suggests the use of xfoe Buil di n
Restoration and Pr oreeicrtgwatenscsuitdble for spmivaier rettofit inviestngent.

Building Cities in the Rain further references the PSWC, which provides a regional-scale tool that

highlights the most important areas to protect and restore, and those most suitable for development. The

PSWC is a relative assessment that assigns management strategies to each of numerous assessment

units (AU) (small watersheds) in the Puget Sound region (Ecology, 2016). For each AU, strategies are

generated for both water flow and water quality processes.

This relative conditions assessment assigns the management strategies from AUs to the corresponding
City basins. The AU boundaries do not exactelorg,thmat ch t hi
AU with the greatest geographic overlap was chosen to represent each basin.

Benefit to Aquatic Habitat i PSWC Local Salmonid Habitats Score

A receiving waterds ability to support aquatic habitat
conditi ons assessment. The PSWC pr oijsassignedfioleach lzasin. Bhal moni d
local salmonid habitats score is a relative score assigned to all the AUs in Puget Sound. The scores

range from 1 to 10 with 1 representing the lowest value of salmonid habitats and 10 representing the

highest value of salmonid habitats. Scores representt he fAquantity and quality of ha
present or potentially present in the assessmentunit.d0 | n t his assessment, the AU wi
salmonid habitats score represents a stream that is considered more important for aquatic habitat.

Overburdened Communities

Based on Ecologyés SMAP guidance, the Environment al Pr
Justice (EJ) Screening was reviewed. The intent of the review was to find inequity and overburdened

communities and include those as a factor in prioritizing a receiving water to target for retrofits. In the

best-case scenario, there would be factors in the two tools which would present inequity that could be
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addressed by stormwater solutions. However, none of the factors can be directly addressed through
stormwater solutions. The next best option is to find traditionally overburdened communities such as low
income or minority populations. This is for cases where other scores for projects are similar; presence of
overburdened communities as a tiebreaker or a relative factor may allow the City to address inequity by
allocating government funding in areas with disadvantaged communities.

E P A 6 BScréening and Mapping Tool provides several indexes for social and environmental justice. In

2018, the Green Burien Partnership Urban Forest Stewardship Plan published a map depicting City-wide

social wvulnerability wusing .0anThfiealitnedrenxa twavse bdaesneodg roanp hE PcA
data and considered six factors: fincome, race, education attainment, linguistic isolation, children, and the

elderlyoto measure social vulnerability by census block groups (Port of Seattle, 2018). The alternative

demographic index is selected for this analysis because it was established specifically for Burien and

indicates distinct population differences within the City. The index scores range between 1 and 10 with

1 being census blocks with the least vulnerable populations relative to other census blocks in the state.

The other factors considered in analyzing overburdened communities in Burien include proximity to high
traffic roads, tree canopy, and parks. According to the EPA,

fPeople who live, work or attend school near major roads appear to

have an increased incidence and severity of health problems that may

be related to air pollution from roadway traffi
indicate that roadways generally influence air quality within a few

hundred metersd about 5001 600 feet downwind from the vicinity of

heavily traveled roadways or along corridors with significant trucking

traffic or rail activities.0 ( EPA, 2014)

A 500 foot buffer is applied to freeways that run through Burien to determine whether the neighborhoods

with proximity to highly travelled roadways are the same as those with higher social vulnerability from the

alternative demographic index. Similarly,t r ee canopy data from the @anyds Urb
is visually analyzed to determine whether more vulnerable neighborhoods contain lower tree canopy

coverage. Access to parks and open spaces is also analyzed because lack of access to nearby parks has

been correlated with negative health conditions (Engelberg, 2016).
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Chapter 3. Receiving Water Assessment

Section 1. Introduction

The purpose of the Receiving Water Assessment is to identify receiving water that could benefit from
stormwater management planning. The outcome of this assessment is a narrowed list of candidate basins
that includes the information needed to support the prioritization process.

The methodology for the receiving water assessment is described in Chapter 2. In summary, available
information on the condition of each receiving water, and the pressures on the receiving water now and in
the future, was collected and reviewed. Among the information described is:

A the location, physical setting, and flow characteristics for the receiving water;

A the beneficial uses and water quality conditions for each receiving water;

A land use, zoning, and other data that affect receiving water conditions; and

A an assessment of the development pressure in the basint hr ough di scussions with the
planning team and looking at plans for development, transportation, and protection of sensitive areas.

Finally, information gaps are identified which may lead to additional data collection if a basin is selected
for planning.

Section 2. Study Area Characteristics

All streams in the City ultimately drain into Puget Sound either directly or through the Duwamish River.
Several City outfalls drain directly to Puget Sound. All the basins are part of Green/Duwamish and Central
Puget Sound Watershed that form water resource inventory area (WRIA) 9 (Figure 3-1). The drainage
basins for the receiving water including areas that extend outside the City are presented in Figure 3-2.

Puget Sound is recognized as an estuary of national significance under the National Estuary Program
established in the 1987 amendments of the Clean Water Act. Washington State established the Puget
Sound Initiative to protect and restore Puget Sound. It is a marine environment that supports
extraordinary quality of aquatic life. Puget Sound is a major receiving water that is flow control exempt. It
is not discussed further in this assessment because it is too large for the City alone to influence
significantly.

Flow and water quality in receiving water are affected by several factors: climate, geology, topography,
land cover, critical areas, land use, stormwater infrastructure, and anticipated growth. Each factor is
described and mapped within the City limits in this section. Figure 3-3 shows the Ci t nei§hborhoods as
they relate to the nine basins to orient the reader to the information presented in the receiving water
assessments.

Climate

The City experiences marine climate characteristics that are typical of both the Puget Sound area and the
larger west coast region of the United States. The average annual precipitation for Burien is 38.3 inches,
with the wet season typically extending from October through March. Due to the temperate nature of the
local climate, precipitation typically occurs as rain with occasional snow events occurring during the
winter. The average winter temperature is 44 degrees Fahrenheit, and the average summer temperature
is 64 degrees Fahrenheit.
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The 2021 KCSWDM provides isopluvial maps to estimate the 24-hour precipitation for the region at
different peak events. The following peak precipitation events are given for Burien:

A 2-year, 24-hour: 2.1 inches

A 10-year, 24-hour: 3.0 inches
A 25-year, 24-hour: 3.45 inches
A 100-year, 24-hour: 4.3 inches

Geology & Soils

As is the case throughout the Puget Sound region, the overarching influence on the topography and
surficial geology of the landscape is the continental glaciations that occurred between two million and
17,000 years ago. Mapping of surficial geology by Waldron indicates that the natural geologic landforms
in the Burien area generally consist of glacial till, recessional outwash, and advance outwash (Burien,
2020). Glacial till typically consists of a heterogenous mixture of sand, gravel, and cobbles combined in a
mixture of silt and clay deposited beneath a former glacier. The dense soil mixture results in a lower
hydraulic conductivity and a high runoff rate for till soils. Advance outwash soils by contrast typically
consist of dense sand and gravel with some silt and clay from the melting of glaciers. Advance outwash
typically has a higher hydraulic conductivity than till, which results in lower runoff values while also making
the soil more prone to erosion. Recessional outwash mostly consists of stratified sand and gravel. Similar
to advance outwash, precipitation readily infiltrates these deposits.

Soils data were processed in the Stormwater Heatmap for The Nature Conservancy (Geosyntec, 2021).
This source classifies the soils into four categories: outwash, till, saturated, and water. Spatial distribution
of these four soil categories within the City is presented in Figure 3-4.

Topography

Topography defines the drainage basins and has an effect on the direction and velocity of surface water

flow and drainage paths. Over 1.2 milionyears ago t he Citybés | awerfoonedby and t opo
repeated advancement and retreat of glaciers. The City:

depressions formed by glacial movement. The western side of the City includes steep coastal bluffs,
numerous streams, and storm drains drain generally from east to west to the coastal bluffs of Puget
Sound. Figure 3-5 depicts the topography in Burien as it relates to the designated basins.

Land Cover

Stormwater runoff is significantly influenced by land cover. Precipitation that lands on impervious surfaces
and lawns travels more quickly to MS4 stormwater collection systems, streams, lakes, and rivers and has
less opportunity to infiltrate into the ground. The result of changes to land cover resulting in more
impervious surfaces and lawns is higher volumes and peak rates of runoff compared to a more natural
system. Land cover data were downloaded from the Stormwater Heatmap in the form of raster data which
depict the automatically-derived land cover classifications from the Naive Bayes classifier, the NOAA
Coastal Change Analysis Program, and other datasets. The data were reclassified to depict impervious
surfaces, lawns, forests, bare soil, and water. See Figure 3-6 to see the spatial distribution of these five
land cover categories within the City. Figure 3-7 depicts land cover in Burien in 1998, prior to current-day
development standards.

The Cityds Urban Forest Stewardshi p Ptb40% ovarithemeextt o i ncr e
two to three decades. Benefits of urban forests include reducing stormwater runoff, improving water
quality, and reducing erosion amongst others. Increasing canopy cover will be a positive step toward
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restoring the health of the receiving water within the City. Increasing the canopy cover for social and
environment al benefits is supported by King Countyds

Critical Areas (Sensitive Areas, Steep Slopes, Wetlands, Floodplains)

Critical areas are protected under BMC 19.40; development if allowed, needs to mitigate for impacts to
these areas. Additionally, some critical areas, such as wetlands and wetland buffers, are important in the
hydrology and water quality of a drainage basin. They reduce the velocity of stormwater and provide a
natural filter for sediment and metals before stormwater discharges into a receiving water. Stream buffers
that are well vegetated can help reduce stream temperatures and increase DO. The City has classified its
critical areas by stream buffers, landslide areas, seismic hazard areas, wetlands, aquifer recharge areas,
wetland buffers, and floodplains. Figure 3-8 shows the mapped sensitive and critical areas in the City.

Land Use

Because stormwater runoff carries pollutants, receiving water quality is related to land use in a basin.
Land uses which generate greater pollutant loads include heavily used traffic corridors and intersections,
commercial lands, industrial lands, and urban residential lands. These uses are associated with vehicular
use, which generates stormwater pollutants. Industrial land uses may also be associated with specific
pollutants. Untreated stormwater runoff from these pollution-generating surfaces contributes to water
quality issues such as increased TSS, metals, and nutrients. For t hi s assessment, the
used as a proxy for land use. Figure 3-9 depicts the current land use in the City. Commercial and
high-density residential areas are located along the Ambaum Boulevard corridor, 15t Avenue S corridor,
Des Moines Memorial Drive (DMMD) corridor, and an area centered around City Hall. Industrial areas are
located near DMMD.

The City completed a City-wide water quality retrofits study in project in 2018 where 14 potential locations
in the City were prioritized for retrofits based primarily on land use and roadway ADT (Otak, 2018). Of the
14, four retrofits were constructed in 2020.

Stormwater Infrastructure

In order to manage runoff from the urban area, the City and private property owners own and operate

more than 250 miles of stormwater conveyance infrastructure and nearly 600 other stormwater facilities

that provide flow control and water quality treatment for stormwater before discharging into the receiving

waterr The majority of the public infrastructure was i
incorporation in 1993. Based on neighborhood age, much of the storm system inventory has exceeded or

is close to reaching a typical design life of 507 100 years. See Figure 3-10 to see the current stormwater
infrastructure in the City.

Anticipated Growth

Much of the City was developed prior to the existence of modern standards for stormwater treatment and
control, leading to impacts from runoff on surface water. The City continues to develop, and significant
growth is planned over the next ten years. Most growth will occur as redevelopment of existing parcels
because few undeveloped buildable tracts remain. As redevelopment occurs, current stormwater
regulations for flow control and water quality will need to be met, which in turn, will positively impact the
receiving water.

The population of Burien has increased by 10% from 2011 to 2020 (ECONorthwest, 2021). Significant
growth is expected in the next decade. The Housing Action Plan was adopted in 2021 to help the City and
its partners plan for additional housing over the next 24 years and shed light on development regulations
and incentives, among other objectives.
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The Burien Urban Center Plan was adopted in March 2020 to accommodate potential growth envisioned
by community and regional growth plans. This plan will include re-zoning, multi-modal transportation, and
parks and public spaces.

The Urban Forest Stewardship Plan was developed in 2018 following an assessment of land to be
included in the Green Burien Partnership (Port of Seattle, 2018). The Green Burien Partnership aims to

i ncrease Buri ends 10% iethe nexd 20030 yearcwhichemll hdveya positive impact on
the receiving water.

Two community plans are being developed in 2022, the first along the Ambaum Boulevard Corridor and
the second in the Boulevard Park neighborhood. The purpose of the Ambaum Boulevard Corridor plan is
to capitalize on the Rapid Ride H bus line that is being constructed along Ambaum Boulevard, by
increasing residential density and providing for mixed use transit friendly businesses. The purpose of the
Boulevard Park plan is to encourage economic development in the Boulevard Park neighborhood to
attract neighborhood amenities such as a grocery store. Also, the City may build a park in the
neighborhood as the area is lacking in park space. Both projects will provide opportunities for additional
housing growth with an emphasis on affordable housing. These community plans will include up zoning
and mixed use zoning, supporting increased middle income housing, encouraging economic
development, and stimulating commercial development.

As of 2022 the City of Burien has three special planning areas near the urban center. Each of these
special planning areas promotes development. Special Planning Area 1 promotes an active and
economically viable place to shop, visit, conduct business and enjoy cultural events in Old Burien (City of
Burien,2022) . A chil drenbds center operates in Special
near future to accommodate additional programming. Economic development is promoted in Special
Planning Area 3, the eastern entrance into downtown Burien, and development of quality designed hotels
with conference facilities and associated retail is encouraged. See anticipated growth and areas where
growth plans are in action in Figure 3-11.

The Ci t sixéyear transportation Improvement Program (TIP) lists 57 potential transportation projects.
These include roads expansions and installation of stormwater infrastructure.

Seattle-Tacoma International Airport (SeaTac) is among the fastest growing airports in the nation. There
may be development in Burien associated with the expansion of the airport, but as of 2022, no targeted
areas have been identified.

The SDMP notes City-wide stormwater infrastructure projects that are primarily to address localized
flooding issues. The plan also recommends the following City-wide studies that tie in well with the goals of
the SMAP:

A Large Scale Ditch Retrofit Study to provide water quality treatment by retrofitting existing roadside
ditches with bioretention, bioswales or infiltration facilities

A Water quality treatment at levels varying from pretreatment to enhanced treatment for untreated
outfalls City-wide

A Public-private partnerships that engage private property owners, including developers, for large-scale
stormwater retrofits such as regional facilities.

Stormwater Management Action Plan (SMAP) Excerpt 3-4
Receiving Water Conditions Assessmenti DRAFT Otak

Pl

anni
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Section 3. Rapid Assessment of Receiving Water Associated
with the City

This section describes the results of the rapid receiving water assessment for six basins. See Chapter 2
for criteria used to sort basins into this group.

Seola Creek

The greater Seola Creek basin is located in the residential Shorewood neighborhood in northwest Burien
and extends into the City of Seattle and unincorporated King County (Figure 3-3). The greater Seola
Creek basin is 1.2 square miles with roughly 12% of the basin area within Burien. The greater basin
generally slopes from north to south, ranging from an elevation of 420 feet to ten feet at Puget Sound.
The stream occupies a relatively steep ravine through the coastal bluffs at the northwest corner of the
City. Seola Creek appears to have a reasonably consistent grade with an average channel slope of 10%.

Seola Creek defines the northwest City limits of Burien and is approximately 0.8 miles long. According to

the Washington Department of Natural Resources (DNR), Seola Creek is a fish-bearing and perennial
(Type-F) stream. The stream is piped and dittcheda | ong Bur i e nThese is®nhetCity-olrieani t s .
outfall that discharges to a tributary to Seola Creek and one private outfall that discharges into Puget

Sound. There are two water quality facilities and one flow control facility in the basin.

There are no fish species identified in the basin according to SWIFD and no fish passage barriers
according to WDFWG6s Flheehare Ravaterajgplty listiegb feriSeéom Creek.

The basin is defined by a mixture of outwash and till soils (Figure 3-4). In the northeast corner of the
Seola Creek basin there is an aquifer recharge area (Otak, 2020). There are also landslide risks along the
vast majority of Seola Creek (Figure 3-8). There is a floodplain along both Seola Creek and Puget Sound.

According to King Countyé s 1 9 9 8 a e rmost ¢f thé greater basiy had already been converted to
impervious surfaces from urban development (Figure 3-7). There appears to be forest cover maintained

along the stream, in and near Seola Park in 1998. Today, urban stormwater runoff from this area flows

directly to Puget Sound without benefit of water quality treatment (King County, 2021). Ki ng Count y és
Seola Creek Basin Retrofit Project will retrofit a regional detention facility in the upper portion of the

greater basin that was constructed to reduce local flooding. This retrofit project will further reduce flooding

and improve water quality by reducing pollutant transport in the greater basin (King County, 2021).

Lower Puget Sound i Burien North Basin

The greater Lower Puget Sound i Burien North basin is located in the residential Shorewood
neighborhood in northwest Burien and extends into unincorporated King County (Figure 3-3). The
receiving water associated with the basin is Puget Sound since all the outfalls in the basin discharge
directly to Puget Sound. The greater basin is 0.4 square miles with 83% of the basin area occupied by
Burien. Note: the greater basin delineation is not accurate in that the basin for Puget Sound is much
larger than 0.4 square miles, but the greater basin described here is the area that was atrtificially
delineated in the SDMP for the purposes of stormwater management. The greater basin generally slopes
from northeast to southwest, the highest elevation being 410 feet. There are five water quality facilities,
five flow control facilities, and one facility that serves both water quality and flow control functions in the
basin.

There is one unnamed creek in the basin, but no outfalls that drain into it. There are no fish species
identified accordingtothe SWIFDand no fi sh passage barriers according
Website. There are no water quality listings for the unnamed creek basin. The basin is defined by a
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mixture of outwash and till soils (Figure 3-4). In the northwest corner of the Seola Creek basin there is an

aquifer recharge area (Otak, 2020). There are also landslide risks along a small portion of the unnamed

creek as it runs through the coastal bluff and along Puget Sound (Figure 3-8). There is a coastal

floodplain along the whole basinds border with Puget S

According to King Countyds 1998 aeri al i magery, most of
impervious surfaces from urban development (Figure 3-7). There appears to be forest cover maintained
along the stream in and near Shorewood Park in 1998.

Lower Puget Sound i Burien South Basin

The greater Lower Puget Sound 1 Burien South tributaries basin is located in the western portion of the
City of Burien. The basin is in the Inglesea, Seahurst, Maplewild, Three Tree Point, and small portions of
the Gregory Heights and Lake Burien neighborhoods and is located completely in Burien (Figure 3-3).
While the primary land use in the basin is low-density residential, there are some high-density residential
and commercial land uses along the eastern edge of the basin. The receiving water associated with the
basin include Puget Sound and several unnamed tributaries to Puget Sound. There are 64 public and
privattout f al | s accor di The Lower Pugdt ®ound i Buyieh Soutl baSin, similar to the
Lower Puget Sound i Burien North basin, was delineated for stormwater management purposes, and has
an area of 1.6 square miles. Puget Sound has a much larger drainage basin, and each individual tributary
has drainage basin areas much smaller than one square mile. Ninety-eight percent of the Lower Puget
Sound i Burien South basin is in the City of Burien. The greater basin generally slopes from east to west,
with the highest elevation at 445 feet. All the unnamed tributaries flow through steep ravines in the
coastal bluffs along Puget Sound.

The streams are all non-fish-bearing streamsaccor di ng to the Cit@@as2020).i ti cal a
Some portions of the streams are pipedt hr ough Buri ends stor mwtak BORO).conveyanc
There are 11 water quality facilities, four flow control facilities, and one facility that serves both water

quality and flow control functions in the Lower Puget Sound i Burien South basin.

There are no fish species identified in the tributaries according to the SWIFD. However, according to the
City of Burien, 10,000 salmon smolts were released in the recent past and approximately 300 three-year

old coho salmon return to a holding pond annually along a tributary in Seahurst Park (City of Burien

Parks, Recreation and Cultural Services, 2022). There is one fish passage barrier on a stream near the
centerofthebasinaccor di ng t o WDFWO&s FlhesbharriePisascshen athollgh these it e
no fish-use identified in this stream. The northern most tributary in the basin, called North Creek in

Ecol ogyds Wat ehasada @ategotyyl liséng flordacteria and ammonia-nitrate.

Soils in the basin are a mixture of outwash, till, and saturated soils (Figure 3-4). The till and outwash soils
are distributed throughout the basin and the only area with saturated soils is on the southwestern
peninsula in the basin. In the northeast corner of the basin there is a wetland area (Otak, 2020). There is
a seismic hazard area on the southwestern peninsula of the basin, and the vast majority of the basin is
categorized as a landslide risk. There is a floodplain hazard along various parts of Puget Sound in the
basin (Figure 3-8).

According to King Cappmoiimat@lyhalfoéthe gedter hasirahgdealready been
converted to impervious surfaces from urban development by 1998 (Figure 3-7). There appears to be
forest cover maintained in and near Seahurst Park in 1998.
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Des Moines Creek

The greater Des Moines Creek basin is located in the Manhattan neighborhood in southeast Burien and
extends through the Cities of Des Moines, SeaTac, and Normandy Park (Figure 3-3). The greater Des
Moines basin is 5.6 square miles with 2% of the basin area in Burien. The area of the Des Moines Creek
basin in the City of Burien is in the most upstream portion of the greater basin. The greater basin
generally slopes from north to southwest, ranging from the highest point at an elevation of 510 feet to
zero feet at Puget Sound. Des Moines Creek appears to have a reasonably consistent grade with an
average channel slope of 2.5%.

There are three tributaries to the main stem of Des Moines Creek. The main stem is approximately

3.8 miles long and the headwaters begin outside of the City of Burien. According to the Washington DNR,
Des Moines Creek is a fish-bearing and perennial (Type-F) stream. There is stormwater conveyance in
the Des Moines Creek basin although there are no outfalls in the basin.

According to SWIFD, fish species present in Des Moines Creek include fall chum, fall Chinook, coho,
winter steelhead, and coastal cutthroat trout. There are several fish passage barriers on Des Moines
Creek and tributaries, all of which are downstream of the City of Burien. The East Tributary to Des Moines
Creek has a Category 5 listing for copper, DO, and bacteria. An unnamed pond near the headwaters has
a Category 2 listing for total phosphorus. Des Moines Creek has a Category 5 listing for temperature, pH,
bacteria, DO, and copper. Des Moines Creek also has a Category 1 listing for arsenic, zinc, and
ammonia-nitrate. None of these listings extend into the City of Burien. In 1997, a Des Moines Creek basin
plan was prepared with the goal of addressing water quality issues, among other goals.

The basin is defined by a mixture of outwash, till, and saturated soils (Figure 3-4). There is a designated
floodplain in the southern portion of the basin along Des Moines Creek and Puget Sound (Figure 3-8).

According to King Countyds aeri al i magery, most of the
impervious surfaces from urban development by 1998 (Figure 3-7). There appears to be forest cover
intact south of SeaTac Airport along Des Moines Creek in 1998.

Duwamish River Basin

The Duwamish River basin is located in the Beverly Park, Boulevard Park, and Southern Heights

neighborhoods in northeast Burien and extends through the Cities of Tukwila, SeaTac, Seattle, and

unincorporated King County (Figure 3-3). While most of the basin has low-density residential land uses,

the Des Moines Memorial Drive S (DMMD) corridor supports commercial, office and high-density

residential land uses. The greater Duwamish-Green River basin is 21.6 square miles with 6% of the basin

area within Burien. Based on the locations of the stormwater outfalls, there are two receiving waters in

this basin, both small tributaries to the Duwamish River, each with a drainage basin area much smaller

than one square mile. There is a third tributary, Hamm Creek,towhic h a porti on of the City
drains, but there are no outfalls to Hamm Creek within the City limits.

The greater basin generally slopes from west to east, ranging from multiple elevation points of 490 feet to
the Duwamish River.

The Duwamish River Tributary in the City of Burien flows across the eastern side of the basin, flowing for
approximately one mile before reaching the City limits. According to the Washington DNR, this tributary is
a fish-bearing and perennial (Type-F) stream. According to SWIFD, where the tributary meets the
Duwamish River, fish species present include fall chum, fall Chinook, and coho. There are several fish
passage barriers on the tributary. The tributary has a Category 5 listing for bioassessment.
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Hamm Creek, the tributary north of the City, has two Category 5 listings. One listing is for bacteria and the
other is for bioassessment.

The third, unnamed stream east of the City limits has a Category 1 listing for bioassessment.

The Duwamish River has more than 45 listings between the City of Burien and the mouth of the river. The
WRIA 9 Salmon Habitat Plan was updated in 2021 with the goal of prioritizing and implementing salmon
recovery actions, supporting tribal treaty rights, reducing community flood hazard, improving water quality,
protecting open space, and providing outdoor recreation opportunities (WRIA 9, 2021). The plan has a
subarea focus for the Duwamish Estuary portion of the WRIA that extends through the Duwamish River
basin in the City of Burien.

There are 16 water quality facilities and 16 flow control facilities that provide stormwater management in
the basin.

The majority of the basin soils are till while small portions are outwash and saturated soils (Figure 3-4).
On the western side of the Duwamish River there is an aquifer recharge area (Otak, 2020). There are
also landslide risks along the tributary and surrounding areas along the City limits (Figure 3-8).

According to King Countyds aeri al i magery, etvbus greater
surfaces from urban development by 1998 (Figure 3-7). There appears to be forest cover maintained
along the river, in and near the Seattle Chinese Garden in 1998.

Section 4. Miller Creek Receiving Water Assessment

The highly modified Miller Creek system drains directly into Puget Sound and is located within the Central

Puget Sound Watershed area of WRIA 9. Draining a total area of 7.3 square miles, it flows roughly in a
northeast-southwest direction through the Cities of SeaTac, Burien, and Normandy Park for

approximately 5.4 miles before flowing into Puget Sound (Figure 2-1). Roughly 69% of the Miller Creek

basin is located within the City and it occupies roughly 50% of the City (Figure 3-2). The streamds ent.
drainage basin is r efgeatar Riker Groe ehke r beaagiottion 0dbthalsht &t & @ ma s
drainage basin |l ocated within theMiler@Gryedk midsin.sorefer.|

The headwaters of Miller Creek occur at Arbor Lake (within the City) for West Fork Miller Creek and Tub
Lake (within the City of SeaTac) for East Fork Miller Creek, with a significant portion of the headwater
basin contributing to Tub Lake also being within the City. The two forks combine to form Miller Creek and
flow in a southwest direction before discharging into Puget Sound within the City of Normandy Park.
Within the Miller Creek basin, three tributaries of significance are discussed in this receiving water
assessment: Arbor Lake/West Fork Miller Creek (West Fork Miller Creek), Downtown Tributary, and Lake
Burien/Lake Burien Creek (Lake Burien Creek). The area drained by each tributary is referred to as a

fi s u b hddiseisubbasins are presented in Figure 3-12. Note: there are portions of the basin that do not
flow into any of these three tributaries. These areas flow either directly into Miller Creek, through a smaller
tributary, or via groundwater. The discussion for these areas is covered under the narrative for the Miller
Creek basin.

West Fork Miller Creek travels roughly two miles to its confluence with East Fork Miller Creek. It drains
portions of the residential Evansville, Highline, and Beverly Park neighborhoods in the northern part of the
City (Figure 3-3) and drains an area of roughly 2 square miles. The subbasin also encompasses a large
portion of the Northeast Redevelopment Area (NERA) which benefits from master planned stormwater
management constructed by the City in partnership with the Port of Seattle as well as mitigation
measures constructed as partof Se a T a ¢ AThirdgRonway ®ject. A significant stream realignment
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and restoration project is planned within NERA that will improve stream flow, water quality, and habitat in
the tributary. Aside from the confluence with the East Fork, the entire West Fork Miller Creek subbasin is
within the City.

The Downtown Tributary is a mostly piped tributary to the mainstem of Miller Creek. It drains roughly half
asquaremileofBur i en 6 s ,dhictvimas roostly commercial and multi-family residential land uses.
This tributary co-mingles in a regional stormwater detention pond prior to the confluence with Miller

Creek. A significant portion of the downtown is slated for redevelopment in the near future in accordance
with the Citydés Compr e h €heentirg RowrRowa Tribufam subbasinns withih TCig/1 ) .
limits.

Lake Burien Creek is a seasonal stream that begins in Lake Burien in the residential Lake Burien
neighborhood. This creek is piped to 8t Avenue SW, after which it flows through a combination of open
channel and pipes until it drains into Miller Creek just as it exits Burien into City of Normandy Park. Lake
Burien Creek has a subbasin area of roughly 0.8 square miles, and the entire subbasin is within City
limits.

Walker Creek, which drains into Miller Creek just before it discharges into Puget Sound, is discussed in
Chapter 3, Section 5.
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Major Stakeholders in the Basin

Miller Creek drains areas from six jurisdictions: the Cities of Burien, Normandy Park, and SeaTac; King
County; the Port of Seattle; and Washington State Department of Transportation (WSDOT) right-of-way.
These agencies have collaborated on basin planning efforts for more than a decade.

The City currently partners with King County, Normandy Park, City of SeaTac, and the Port of Seattle to
fund the Miller and Walker Creeks Stewardship program through King County. Funding a basin steward
position was recommended in the Miller and Walker Creeks basin plan. The basin steward serves as a
single point of contact for activities and information related to the basin. In addition, the basin steward
provides educational materials on pet waste, native vegetation, controlling invasive weeds, and storm
drain protection. The Miller and Walker Creeks Stewardship group coordinates volunteer efforts for local
stream restoration and tree planting projects, conducts monitoring programs, arranges presentations to
school and community groups, and responds to reports of fish sightings, and non-emergency problems

within the basinbds creeks

Major Studies in the Basin

Miller and Walker Creeks Basin Plan (King County, 2006)

In 2006, King County partnered with neighboring jurisdictions and published the Miller and Walker Creeks
Basin Plan. The plan addresses surface water quality, flooding, stormwater infrastructure capacity, and
fish habitat issues.

Northeast Redevelopment Area (NERA) Master Drainage Plan (MDP) and supporting documents
(Otak, 2018)

The Port of Seattle and the City of Burien finalized preparation of a redevelopment plan and
implementation strategy for NERA in April 2010 (NERA Plan). The NERA Plan is intended to guide
redevelopment of the 165 acre area into a mix of airport-compatible light industrial and commercial air
cargo uses. The MDP was created to identify the applicable codes and design standards for the
stormwater facilities and associated conveyance systems, and to support the location, sizing and
conceptual design of seven regional stormwater management facilities. The MDP also included a Low
Impact Development (LID) manual for the development of LID stormwater facilities to be designed and
implemented in conjunction with the regional facilities. The MDP and supporting documents, which were
adopted by the City, describe the hydrology, water quality, and habitat in West Fork Miller Creek. The
portion of NERA that does not drain into West Fork MillerCreek dr ains into the Cityds st
infrastructure that eventually discharges to Miller Creek.

Miller-Walker Basin Stormwater Retrofit Project Implementation Plan (HDR, 2015)

In 2015, King County Water and Land Resources Division in collaboration with neighboring jurisdictions
published the Miller-Walker Basin Stormwater Retrofit Project Implementation Plan. The objective of this
plan was to identify and prioritize the most cost-effective stormwater retrofit projects within the
Miller-Walker basin to improve water quality and habitat conditions in the creek, while also providing
neighborhood enhancements, such as reduced localized flooding, increased tree coverage, and
pedestrian and bicycle safety improvements. Thirty potential LID projects are identified as relatively high
priority retrofit projects which were aligned with planned park, pedestrian, and bicycle improvements. This
plan discusses the newly constructed Moshier Park Stormwater Retrofits project to improve water quality
in Miller Creek.
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More Than a First Flush: Urban Creek Storm Hydrographs Demonstrate Broad Contaminant

Pollutographs (Peter et al., 2020)

Peter et al. evaluated contaminant occurrence and its relation to flow dynamics in Miller Creek. The

studybés outcomes Asupport prioritization of source ide.]
e orts to improve water qual it theMildCrepkrkbasmot e ecosystem |

Boulevard Park Flood Reduction Study (Otak, Ongoing)

The City has experience flooding in the Beverly Park neighborhood (also called Boulevard Park
neighborhood in other references) for several years. The flooding is related to stormwater and septic
systems. The goal of the study is to analyze the causes of flooding and develop engineering alternatives
that can resolve it.

Aquatic Habitat

Coho salmon and resident cutthroat trout are known to inhabit Miller Creek. Miller Creek is identified on
the Burien critical areas map as a Type F stream, defined as a perennial stream containing fish habitat,
therefore a buffer with a width of 100 feet must be maintained along the stream (BMC 19.40.340).

Fish that have been identified in the Puget Sound region at the mouth of the stream include rainbow trout,
cutthroat, Dolly Varden, eastern brook trout, whitefish, largemouth bass, perch, crappie, and catfish.
WDFW and various Tribal Governments supplement the natural stocks in order to maintain river runs for
most of these species.

West Fork Miller Creek and Downtown Tributary, while also identified as Type F streams, are inaccessible
to anadromous salmonids because of multiple fish passage barriers downstream on the mainstem.

Similarly, Lake Burien Creek is identified as a Type F stream, but has a complete fish passage barrier at
SW 158 Street that precludes the upstream migration of anadromous salmonids.

I n Mil Il er andnndédpdwaing re@imsaod dne té tavo thousand chum, coho, steelhead, and
cutthroat are estimated to have occurred before the effects of urbanization, an approximate ten-fold
difference over recentreturns6 ( City of Burien et al., 2006). SWI FD co

Miller Creek. The returning salmon population in Miller Creek has decreased in the last decade. In 2011,
the Miller and Walker Creeks Stewardship group observed 420 salmon in Miller Creek and in 2021 only
32 salmon were observed (Kemp, 2021). In 2020, other species observed in Miller Creek included
sculpin, sunfish, and cutthroat trout (Gregerson, 2020).

Physical Setting and Flow Characteristics

Miller Creek is a perennial stream that is influenced by both stormwater runoff and groundwater.

Stor mwater enters the stream through atertohveyancs heet f 1l ow
system.Accor di ng t o,theteare 116 frivate and @ubli stormwater outfalls from the

stormwater conveyance system to the greater Miller Creek stream system.

The section below presentsanin-d e pt h di s c us s i onhyschl setlinglahdaghe factarse e Kk 6 s p
influencing the st rvea@modaltychdraotevistigsuTaasd factorg areachintate, geology

and soils, topography, land cover, critical areas (e.g., wetland and steep slopes), and stormwater

infrastructure. Climate, which is region specific, is described in Chapter 3, Section 2.
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Geology and Soils
The dominant surficial geological unit within the greater Miller Creek basin is till which has limited
infiltrating capabilities (Figure 3-4).

In the West Fork Miller Creek subbasin, although the dominant soil type is till, there is an area of outwash
soils that allows infiltration east of SR 509.

All of the Downtown Tributary subbasin consists of till soils except the area south of S 160t Street where
the soils are saturated. Saturated soils allow very little infiltration.

The dominant soils in Lake Burien Creek subbasin are outwash in the west and till in the east. Similar to
the Downtown Tributary subbasin, soils are saturated in the area south of S 160" Street.

Topography and Stream Slopes

The topography of the Miller Creek basin generally slopes from northeast to southwest (Figure 3-5). The
basin has multiple local depressions. Stormwater collects within closed depressions and does not have a
defined outlet. Two notable depressions include the 142" Street Depression and the Hermes Depression.
The first is a 196-acre area in the western part of the basin. Because there is no outflow from this
depression by surface conveyance, it is assumed that stormwater infiltrates in the depression and flows
east as groundwater to enter the Miller Creek system. Water is pumped from the Hermes Depression into
West Fork Miller Creek.

The highest elevation in the Miller Creek basin is approximately 450 feet, which occurs in the relatively
small portion of the basin that exists outside the Burien city limits to the north. While the slopes of the
basin itself vary depending on location, the slope of the main stem of Miller Creek appears to have a
reasonably consistent grade within the urban environment of Burien. The elevation of the stream itself
decreases from approximately 370 feet to approximately 140 feet and flows for an approximate length of
4.9 miles before flowing out of the City of Burien. This equates to an average channel slope of 0.9%. After
Miller Creek flows out of Burien, the channel slope increases as it flows through a riparian corridor to
Puget Sound. The average slope of this section of the downstream reach of Miller Creek is 1.57%.

West Fork Miller Creek
West Fork Miller Creek begins at an elevation of roughly 355 feet in Arbor Lake and travels approximately

two miles with an average slope of less than 0.5% up to its confluence with East Fork Miller Creek to form
the main stem of Miller Creek.

Downtown Tributary
Downtown Tributary is mostly piped before becoming an open channel for the last 900 feet before its

confluence with the main stem of Miller Creek at an elevation of roughly 180 feet. For the open channel
section, the average slope of the stream is approximately 5%.

Lake Burien/Lake Burien Creek
Lake Burien Creek begins in Lake Burien at an elevation of roughly 325 feet and is piped to 8t Avenue

SW after which it converts to a combination of open channel and pipes until it drains into Miller Creek in
the City of Normandy Park. Average slopes in the open channel sections of the creek are 51 7%.

Land Cover

Land cover in the Miller Creek basin was highly modified long before the current stormwater standards

cameinto effect. Ki ng Countyds bl ack and 98khowse¢hataestofthelbasihmagery fr
had already been converted to impervious surfaces from urban development (Figure 3-7). Highly

impervious commercial and industrial areas had also developed west of SR 509. Upcoming
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redevelopment in the Miller Creek basin will be required to meet current stormwater standards which will
mitigate for impervious surfaces by providing flow control. This is most likely along Ambaum Boulevard
SWandi n t he Ci ty 0Figuter3-il. Baséiemthedand cover data developed for the
Stormwater Heatmap, the Miller Creek basin has an impervious area fraction of 39% (Table 3-1 and
Figure 3-13).

Overall, there are 204 facilities providing some level of flow control in the Miller Creek basin, dispersed
throughout the basin. The facilities include different types of ponds and vaults that provide infiltration,
retention, and detention; some are owned privately while others are public facilities. Land cover fractions
and count of flow control facilities for the Miller Creek basins and subbasin are presented in Table 3-1 and
can be seen in Figure 3-6.

The Ambaum regional detention facility provides some level of flow control to mitigate for land cover in

the Downtown Tributary subbasin. This facility was sized to accommodate flows from all City rights-of-way

in the subbasin, but was found to have inadequate capacity to control flows from the subbasin as a whole

(HDR, 2015). Two projects, B-20 and KC-47 from Miller-Walker Basin Stormwater Retrofit Implementation

Plan, are proposed to provide dispersed detention and water quality upstream of the regional facility to

address its capacity issue. B-20,t i t 8theAge SRV between SW 153rd Street and SW 146th Streetd i s t o
install bioretention and permeable sidewalks and parking lanes to provide enhanced water quality

treatment and flow control for stormwater runoff from contributing roadway areas. KC-47 , t Kinigl e d A
County District Courthouse (601 SW 149th Street and 14905 6th Ave SW)0 i s t anexstimyi f y
detention pond to accommodate additional stormwater runoff diverted from SW 148th Street and

incorporate bioretention into the facility to provide enhanced water quality treatment for the on- and off-

site tributary drainageareas.B-20 i s not <currentl y o-47igbhimycdstructedas | i st
of April, 2022.

Regional facilities in conjunction with the LID requirements outlined for developers in the NERA MDP,
continue to mitigate for current and future impervious surfaces in NERA. The mitigation through the MDP
is as stringent as is required by current stormwater regulations.

The Cityds newly constructed Moshier Park Stor mwater
detention and infiltration for a 10-acre drainage basin in the Highline neighborhood.

The City is currently considering project options to provide retrofit detention facilities in the Boulevard
Park neighborhood to address severe flooding.

West Fork Miller Creek Subbasin
The approximate impervious fraction of the West Fork of Miller Creek subbasin is 33%, which results in a

total impervious area of 417 acres. Fifty-seven unique stormwater facilities designed to provide some type
offlowcontrolar e document e &IS.iParformihgean & eéragg férshe entire subbasin, there is
one flow control facility for every seven acres of impervious area. The facilities are not evenly spread, so
some neighborhoods have a greater concentration. Based on visual inspection, it appears that the
Salmon Creek and Evansville neighborhoods have the lowest concentration of flow control facilities.

The number of facilities for each impervious acre calculation does not specifically account for the
impervious areas within NERA being mitigated.

Downtown Tributary Subbasin
The predominant land uses in the Downtown Tributary subbasin are commercial and industrial. While this

basin has a smaller size as compared to other subbasins, it has a significantly higher impervious fraction
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due to the prevalent land uses. The subbasin has 198 acres of impervious area, which computes to an
impervious fraction of 64.7%. Fifty unique flow control facilitiesa r e
results in an average of one facility for every four acres of impervious area. When compared to the West
Fork of Miller Creek, there are nearly twice as many facilities per acre of impervious. Facilities appear to
be spread relatively evenly based on visual inspection.

Lake Burien Creek Subbasin
The Lake Burien subbasin has a total of 216 acres of impervious area, which computes to an impervious

fraction of 42%. This value is greater than the impervious fraction of the West Fork of Miller Creek
subbasin, but less than that of the Downtown Tributary subbasin. Thirty-four unique flow control facilities
aredocumentedi n t h e Cwhiclyrésalts iGanSyerage of one facility for every six acres of

impervious area. When compared to the other subbasins, the facilities are less frequent than those in the
Downtown Tributary subbasin, but more frequent than those in the West Fork Miller Creek subbasin. Of
the flow control facilities within the Lake Burien subbasin, the majority are located in the downtown
neighborhood, with very few facilities being located in the Lake Burien neighborhood despite it
representing most of the subbasin area.

Table 3-1 Land Cover and Flow Control Facilities in the Miller Creek Basin and Subbasins
Total Flow Control
Area Lawn | Forest | Bare Soil Water Impervious Facilities
(acres) (acres) | (acres) (acres) (acres) (acres) (count)
Miller Creek
basin 3271 | 1,073 892 3 38 1,265 204
(including
subbasins)
West Fork
Miller Creek 1,256 456 379 1 2 417 57
subbasin
Downtown
Tributary 306 67 41 T T 198 50
subbasin
Lake Burien
Creek 515 146 115 2 36 216 34
subbasin
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Land Cover Fractions
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Figure 3-13 Land Cover Fractions in the Miller Creek Basin and Subbasins

Stormwater Management Action Plan (SMAP) Excerpt 3-27
Receiving Water Conditions Assessmenti DRAFT Otak



Critical Areas

The critical areas in the Miller Creek basin are predominantly wetlands and seismic hazard areas (Figure
3-8). The two main wetland areas account for the two major waterbodies in the basin, Lake Burien and
Arbor Lake, which total 46 acres combined. Additionally, there are high quality wetlands adjacent to West
Fork Miller Creek within NERA. There is also a seismic hazard area in the southern portion of Burien near
Miller Creek which accounts for approximately 196 acres. Critical areas within West Fork Miller Creek
subbasin were extensively studied as part of the NERA MDP (Otak, 2018) and are shown in Figure 3-8.

Stormwater Infrastructure

The City of Burien has provided data outlining the stormwater infrastructure within the Miller Creek basin.
These data include pipes, catch basins, manholes, culverts, ditches, vaults, ponds, pumps, swales,
outfalls, and stormwater BMPs (Figure 3-10). The Miller Creek basin has approximately 146 miles of
stormwater conveyance pipes, ditches, culverts, and watercourses within Burien. There are also 6,814
different structures connecting the various conveyance features. It also has 116 stormwater outfalls that
discharge flow into Miller Creek and its tributaries at various locations.

The locations of stormwater facilities appear to be generally consistent with the land cover and land use
of the basin. The highest concentration of stormwater facilities (ponds and vaults) occur in the more
developed portions of Burien with the higher percentage of impervious area and therefore higher
stormwater runoff flows. The northern portion of the basin within Burien has a lower concentration of
facilities, which is consistent with the more residential land uses. It does appear that much of the northern
portion of the Miller Creek basin has no flow control provided, meaning that runoff from these areas likely
is conveyed directly to Miller Creek. Stormwater facilities distribution and counts are discussed in more
detail under the land cover and land use sections.

Peak Flows

A hydrologic model was developed as part of the analysis for the Miller and Walker Creeks basin plan in
the early 2000s. In Miller Creek, the model was calibrated with one precipitation gauge (42U) and two

flow gauges, one near the confluence with Walker Creek (42A) and one at the outflow of the Lake Reba
regional detention facility (42B). An analysis of peak flows for Miller Creek shows that peak flows in the
basin are much higher now (Current) than they were prior to development (Forest). Figure 3-14 and
Figure 3-15belowar e screenshots from King Countyds website sho
compared to pre-historic flows when the dominant land cover in the basin was forested. Figure 3-14
additionally explores the impacts of the proposed third runway and its associated mitigation on the peak
flows in Miller Creek. Si nce t he st udy, thirdranwdandtregianél st@rewatertfatcileies s
in NERA have been constructed. The NERA MDP shows that the mitigated flows from NERA into the
West Fork Miller Creek closely match prehistoric flows in peaks and durations. As noted by King County,
Figure 3-14, which was pre-NERA, underscores the importance of the Port fully and effectively
implementing its required mitigation. Table 3-2 shows the peak flows where West Fork Miller Creek exits
NERA.
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Figure M3
Flow Frequency Analysis - Miller Creek @ MCRDF
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Figure 3-14 Miller Creek Flow Frequency Analysis
Figure M13
Low Flow Frequency Analysis - Miller Creek near Mouth
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Figure 3-15 Miller Creek Low Flow Frequency Analysis
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Table 3-2 Peak Flows in West Fork Miller Creek as it exits NERA
taken from Table 6-1 of the NERA MDP

Developed
Condition Flow

Recurrence Exiting NERA

Interval (cfs)
2-year 47.54
5-year 61.27

10-year 70.16

25-year 81.23

50-year 89.41

100-year 97.54

Water Quality

Water quality in Miller Creek and its tributaries is assessed for this plan by summarizing information from
existing studies and correlating water quality degradation with land uses within the basin that are typically
associated with the generation of stormwater pollutants. The primary focus in this plan is for pollutants
carried by stormwater runoff, although other water quality issues are discussed.

Water Quality Assessment for Washington State

Based on Ecologybs 2016tWétbhe Quaktietdhy Mmopseéssmemrnt
reach of Miller Creek, downstream of Burien in Normandy Park, does not meet the bacteria surface water
quality standard for primary contact recreation or the DO and temperature surface water quality standard
for aquatic | ife use, and therefore i s iofninophiredd e d i
waterbodies (Figure 3-16). Listing IDs for the impairments are 42542, 48025, and 72606 for bacteria, DO,
and temperature, respectively. For impaired waterbodies, Ecology is required to develop WQI projects, or
TMDLs. Currently, there are no TMDLs or WQI projects implemented in the Miller Creek basin. There are

no Category 5 listings for Lake Burien, Lake Burien Creek, Downtown Creek or West Fork Miller Creek.

The lower reach of Miller Creek has been listed as a fivater of concernd(known as a Category 2 listing)
for pH. The upper reach of Miller Creek is listed as fivater of concernofor Zinc and Copper. This listing
indicates a potential problem and will require additional data to make any further determinations. There
are no Category 2 listings for Lake Burien, Lake Burien Creek, Downtown Creek or West Fork Miller
Creek.

Based on Ecologyébés 2016 Water Quality Assessment
water quality standards (Category 1) for Ammonia-N, Arsenic, Copper, Zinc, Lead, Silver, Chromium,
Nickel, and Cadmium. Lake Burien has a Category 1 listing for Phosphorus. There are no Category 1
listings for Lake Burien Creek, Downtown Creek or West Fork Miller Creek. Being placed in this category
does not necessarily mean that a water body is free of all pollutants.
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Analysis of Receiving Water Health

Available information was compiled and reviewed to understand the water quality conditions in Miller
Creek and its tributaries. Table 3-3 summarizes each source of information, and which pollutants were
considered to be of concern for the stream.

Miller and Walker Creeks Basin Plan (2006)

The plan states that Miller and Walker Creek has become degraded because of surrounding urban
development. Development includes a combination of residential neighborhoods and commercial uses.
Poor water quality, degraded aquatic habitat, and areas of flooding and erosion are a result. The plan
references older studies that show elevated levels of zinc and copper, fecal coliform bacteria and
pesticides discharging to Miller Creek. Further investigations indicated that the elevated zinc
concentrations are primarily from metal roofs. Turbidity and TSS were relatively low for stormwater.
Exceedances of water quality standards for DO, temperature, and bacteria were observed adjacent to the
treatment plant located on Miller Creek during storm events. However, pH was within an acceptable
range. The plan considers the mouth of Miller Creek as an important source of sediment to the marine
shoreline of Three Tree Point. The plan also mentions two poor Benthos-Benthic Index of Biotic Integrity
(B-IBI) scores for Miller Creek from previous studies. One of the previous studies discussed indicated that
out of a sample of 45 streams in King County, Miller Creek had the most degraded habitat conditions
relative to reference streams. Significant pre-spawn fish mortality had been observed in Miller Creek. Two
areas of particular concern were noted: commercial runoff at the Ambaum detention pond (constructed in
1991) and the highways of SR 509 and SR 518. The detention pond was estimated to be undersized and
discharging into Miller Creek without treatment. Similarly, the state highways were noted because they
discharged into the stream with limited treatment.

Note: Ambaum Regional Detention Pond was retrofitted and expanded in 2006 to its current capacity and
configuration. This work included significantly expanding the storage capacity of the pond, as well as
installation of water quality treatment facilities along both of the primary conveyance inputs to the pond.
This expansion sized the pond to treat and store runoff from all City-owned contributing areas (primarily
City right-of-way).

2012 Miller/Walker Creek Coho Pre-spawn Mortality Study (King County, 2013)

King County conducted a water chemistry and toxicity study in 2012 to further investigate the potential
cause(s) of coho pre-spawn mortality. The study collected two baseflow samples and eight grab samples
in a time series during each of two storm events in October. The samples were collected at the crossing
of Miller Creek and 13" Avenue SW in Normandy Park. The results of this study are listed below:

A DO and pH met the State water quality standards.

A Water temperature exceeded the standard during the first storm. Water temperature cooled to below
the standard by the second storm event.

A Miller Creek gets warm in the summer and exceeds the State standard for spawning salmon and trout
during the daytime.

A All metals except cadmium and silver were detected in all samples.

A Detected metals concentrations increased in storm events compared to baseflow in Miller Creek.

A Metals concentrations did not exceed State water quality standards; however, it is believed the existing
toxicity thresholds are not protective of coho, allowing pre-spawn mortality even when concentrations
are below thresholds.
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Miller/Walker Creek Monitoring Activities for 2013 (King County, 2014)

A monitoring program was completed in 2013 by King County to monitor and assess water quality in
Miller and Walker Creeks. The program included stream flow, stream water quality, and stream biological
assessments. The results of this monitoring program for Miller Creek were that:

Miller Creek often did not meet state water quality standards for temperature, DO, and pH. However, the
results are similar to other streams in urban areas.

Miller Creek gets warm in the summer and exceeds the standard during the summer. DO is linked to
stream temperature as higher water temperatures typically have lower oxygen solubility.

Miller Creek exhibited very high maximum turbidity (883 Nephelometric Turbidity Unit (NTU)) value with
increased flows, which were attributed to large quantities of stormwater entering the creek rapidly. No
exceedances of turbidity standards were reported due to the lack of background values in the basin.
However, if the background were equal to the annual mean value of 7.3 NTU for Miller Creek, the site
would have exceeded the standard 80 or more days; Miller Creek had 80 days out of 430 days monitored
(October 18, 2012 7 January 1, 2014) where the daily mean turbidity values were greater than the annual
mean value.

Flows in Miller Creek below Ambaum Pond, influenced by stormwater from downtown Burien, are erosive
enough during storms to damage instream habitat.

A The results of Benthic macroinvertebrate sampling at two sites in Miller Creek were not published;
however, the 2012 benthic invertebrate data from the Miller Creek sites averaged to a score of 7.4 out
of 100 and ranked very poor.

Miller-Walker Basin Stormwater Retrofit Planning Study (HDR, 2015)

This study was conducted to identify and prioritize the most cost-effective stormwater retrofit projects
within the Miller-Walker basin to improve water quality and habitat conditions in the creeks and reduce
localized flooding. The study acknowledges urbanization prior to current stormwater standards as a major
contributor to degradation.

B-IBI estimates were modeledt o be fAvery poorodo to Apoorod in the
surrounding the Hermes Depression.

NERA Water Quality and Flow Monitoring Assessment for the Master Drainage Plan Annual Report
20171 2018 (Otak, 2018)

As part of the 2017 extended monitoring program for the NERA Plan, water quality samples were
collected on a bi-monthly basis at upstream and downstream flow monitoring stations. Groundwater
samples were also collected on a bi-monthly basis from four monitoring wells located downgradient of the
NERA MDP Regional Infiltration Facilities 3, 4, and 5 from September 2017 through July 2018.

An analysis of surface water quality of two monitoring stations at West Fork Miller Creek (as it enters and
exits NERA) indicates that:

A Water temperatures varied seasonally and were very similar between stations.

A DO varied with flow rate and temperature; values were higher in the wetter, cooler months and lower in
drier, warmer months. Values were similar between stations except for the October sample, which was
a Afirst flushod rainfall event sampl e.
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A Turbidity also varied with flow rate and was higher in the wetter months and lower in drier months.
Values were very similar between stations.

A Fecal Coliform bacteria counts were lower in the spring and summer, began to rise in the fall, and
spiked with the first flush rainfall event in October. Upstream fecal coliform values fell rapidly through
the winter at the upstream station and remained fairly low. The downstream station experienced a
spike in bacteria counts in early January. The source of the increase was not clear.

A Metals concentrations appear to be correlated with flow, with higher concentrations during wetter
months.

A Stream habitat conditions scored as poor in three of the four samples, and as fair in the September
2017 sample at downstream station (Note: the B-IBI analysis used in the plan was different from the
methodology accepted by Ecology and Puget Sound Benthos).

More Than a First Flush: Urban Creek Storm Hydrographs Demonstrate Broad Contaminant
Pollutographs (Peter et al., 2020)

This study evaluated contaminant occurrence and its relation to flow dynamics in Miller Creek. Monitoring
wasdoneforbasepow and t hr (@uly2& 2008 Mecenver i, 2018), including those
concurrent with observations of coho salmon mortality. Thirty-five targeted, stormwater-derived organic
contaminants were g u a n t, ang eochplementary nontarget high-resolution mass spectrometry (HRMS)
analyses was applied to comprehensively characterize contaminant mixtures and dynamics.

The study found that contaminants are mobilized from the urban landscape into streams across a broad

range of storms, including frequent small storms, and
flusho which has been e moretypgdlwrecdggized stormavater pollufamts: The study

also found that longer more intense storms, which may dilute some contaminants, serve to mobilize

additional mass of other contaminants from more distant or more concentrated sources. Each of these

findings indicates that water quality of urban streams like Miller Creek is impacted more quickly and

across a broader range of storms than previously thought. The study also found gradual reductions in

peak concentrations and source impacts across several sequential storms in a rainy season. From this

finding, the authors hypothesize that source control efforts to limit contaminant mass prior to fall storms

could benefit water quality throughout the rainy season. The st udy 6és outcomes HAsupport
source identiycation and focused stormwater management
ecosystem functiondin urban watersheds, including Miller Creek.

2020 Miller Creek Basin Fish Population Assessment (Gregersen, 2020)

This study was conducted to determine the densities of juvenile coho and other native fish species in
Miller Creek. Three index reaches were sampled and counts were extrapolated to determine coho
population in the basin. The study found extremely low juvenile coho population in comparison to other
King County streams and concluded that Miller Creek has serious limiting factors for survival of juvenile
coho. Limiting factors were not investigated.

Puget Sound Institute (Washington University, 2021)

Recently, a team led by researchers at the University of Washington i Tacoma, UW and Washington
State University i Puyallup, has discovered that N-(1,3-Dimethylbutyl)-NNphenyl-p-phenylenediamine-
guinone (6PPD-Q), a transformation product from a tire preservative, kills coho salmon in urban streams
before the fish can spawn. Samples that were taken in Miller Creek, from storms in autumn 2020 and
spring 2021, found 6PPD-Q at concentrations well over the amount needed to kill coho.
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Spawning Salmon Population Analysis of Walker and Miller Creek (Ankuta, 2021)

The Ankuta study assessed reasons for extreme pre-spawn mortality of coho in urbanized areas, where

the death rate has been found to be as high as 90%. Miller and Walker Creeks were assessed for this

study because these two creeks have been showing a steep decline in fall salmon runs and come in

contact with roads and freeways. The evaluation was conducted during the fall salmon run October to

December. The study found significantly more live fish and fewer dead fish in the upper reaches of

Wal ker Creek compared to upper Miller Creek. The findi]
exposure to roadways

The predominant factor contributing to the declines in coho has been found to be toxic runoff from roads.
Ankuta references a recent study, which has found that 6PPD-Q is highly lethal to coho, and it finds its
way into creeks when water runs off of roadways.

This study recommends reducing toxic road runoff that kills coho through different solutions including
creating sand biofiltration systems along impervious surfaces, and producing vehicle tires that do not
contain 6PPD-Q.

Ecol ogyés Enyvi atomMaeragemant (EIM)Diatabase (Ecology, 2022)

One sampling location at Miller Creek is near the mouth (sampling ID: 09D070). Field collection data
range at this sampling location is between 19717 2019 and includes a variety of parameters (such as DO,
metals, turbidity, TSS, and bacteria). The samples were collected for the specific parameters during
different date ranges. There is no study summarizing the results of samples processed at this sampling
location. However, the Miller and Walker Creeks Basin Plan (2006) mentions that a water quality analysis
of non-storm event samples in 2004 indicated exceedances above the standard for fecal coliform
bacteria. Based on these data, Miller Creek was listed as water quality impaired for fecal coliform. Metal
concentrations did not exceed the standard.

There is another sampling location at Miller Creek (sampling ID: 09D090). Field collection data range at
this sampling location is between 19717 1972 and includes DO, pH, turbidity, and nutrients. There is no
study reflecting the results of samples processed at this sampling location.

Monitoring data were not analyzed for exceedances from state standards in this receiving water
assessment because this information is available from the other studies that were reviewed.

Other Studies
Sources listed below were reviewed, but no information was found for Miller Creek or its tributaries:

1. Puget Sound Stream B-IBI
2. King County Water Quality Monitoring (WQM) Database
3.  United States Geological Survey (USGS) Database/Studies
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Table 3-3 Pollutants of Concern Discussed in Studies that were reviewed to assess the
Health of Miller Creek and its Tributaries

Water Quality Parameters

B-IBI/
TSSY Ecological Fecal
Temp! DO! pH Turbidity Metals Healtht Coliform

Miller and Walker Creeks basin
plan (King County, 2006)

2012 Miller/Walker Creek coho
Pre-spawn Mortality Study
(King County, 2013)

Miller/Walker Creek Monitoring
Activities for 2013
(King County, 2014)

Miller-Walker Basin Stormwater
Retrofit Planning Study
(HDR, 2015)

NERA Water Quality and Flow
Monitoring Assessment for the
Master Drainage Plan Annual
Report 20171 20182 (Otak, 2018)

Ecologyds 303(d)
(Ecology, 2016)

Ecologyb6s Envir
Information (EIM) Database
(Ecology, 2004)

More Than a First Flush: Urban
Creek Storm Hydrographs
Demonstrate Broad Contaminant
Pollutographs (Peter et al., 2020)

2020 Miller Creek Basin Fish
Population Assessment
(DNRP, 2020)

Puget Sound Institute
(Washington University, 2021)

Spawning Salmon Population
Analysis of Walker and Miller
Creek (Ankuta, 2021)

Color coding: Green means no exceedance of water quality standard or elevated levels of parameters were
discussed in the studies. Red means the parameters exceeded state water quality standard, had signs of water
quality impairments, or had reported elevated concentration. For B-IBI score, green and red mean the reported
scores were high and low, respectively. White means the parameter is not discussed in the study.

1Tem, DO, TSS, B-IBI are temperature, DO, TSS, and Benthic Index of Biotic Integrity, respectively.
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Lake Burien

Lake Burien is a small lake and a designated shoreline area located in central Burien that eventually

drains to Miller Creek. Lake Burien is publicly owned by Washington State (City of Burien PaRCS, 2018).

Volunteer monitoring of Lake Burien coordinated through King County occurred in 1994, 1998, and

2000--2004. Unofficial monitoring activities coordinated by private residents have continued beyond the

King County effort with data supplied to @.he Cityéds Sh

The trophic state index data collected through King County was used to classify Lake Burien as low to
moderate in primary productivity (oligotrophic i mesotrophic) with very good water quality that was steady
over the time period in which data were collected. However, local residents are concerned about the
water quality of Lake Burien and interested in supporting City programs to maintain long term watershed
health. Lake Burien does not have public access, so the City has limited direct influence on lake
management or water quality. Instead, the City focuses efforts on general public outreach and education
to improve practices including animal waste management, fertilizer use, and other sources of pollutants
from residential properties. The City also looks to add water quality treatment facilities when developing
capital projects in the surrounding area (Otak, 2020).

The lake is protected for core summer salmonid habitat, primary contact recreation, and other uses which
include water supply uses (i.e., domestic, industrial, agricultural, and stock) and miscellaneous uses
(i.e., wildlife habitat, harvesting, commerce/navigation, boating, and aesthetics).

The result of a water quality sample collected on June 8, 2021, from Lake Burien indicated that the Lake
exceeded the Washington State Recreational Guidance threshold for microcystins, an algal toxin
(Washington State Toxic Algae). It is recommended by King County-Seattle Public Health that people and
pets do not drink lake water, swim in the lake, or engage in other water-contact activities when the Lake
exceeds the threshold for microcystins.

This lake is listed as water that meet the standards (Category 1) for total phosphorus. Being placed in this
category does not necessarily mean that a water body is free of all pollutants.

Arbor Lake

Arbor Lake is a small lake located in north Burien with reported algae bloom problems. While the Lake is
not accessible to anadromous fish such as salmon, the lake supports numerous other fish and bird
species. The Lake is supported by neighborhood volunteers who often join together with Burien Parks,
Recreational and Cultural Services to remove invasive species around the Lake, thereby boosting habitat
for native species. As with Lake Burien, the City focuses efforts on general public outreach and education
to improve practices including animal waste management, fertilizer use, and other sources of pollutants
from residential properties (Otak, 2020).

Arbor Lake is not protected for aquatic life, primary contact recreation, and other uses.

Existing Land uses

Based on the Cit yMilkrCreekrbasim (3,638 adrek)jland usenpemarily consists of low

to high-density residences, commercial areas (including office, neighborhood center; intersection,

downtown, regional, and community commercial), and industrial areas (including airport industrial) as

seen in Figure 3-16. The more urban land uses and the higher density residences are concentrated in the

middle of basin (in and adjacenttoBur i endés downt own) and s oTherdfoeeatbet por ti o
largest number of water quality facilities are in these areas.
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City-owned rights-of-way that have high ADT and receive limited treatment within the Miller Creek basin
include Ambaum Boulevard S, Ambaum Boulevard SW, DMMD, S Normandy Road, S 174t Street,

1st Avenue S, 4 Avenue SW, Sylvester Road SW, SW 160™ Street, 16" Avenue SW, a small part of
21st Avenue SW, S 152 Street, SW 15219 Street, SW 156™ Street, S 160" Street, SW 160" Street,

S 146™ Street, SW 146™ Street, SW 148™ Street, SW 150™ Street, 8" Avenue S, S 144" Way,

S 136™ Street, SW 136™ Street, S 128" Street, SW 128! Street, S 116™ Street, and SW 116" Street. Of
these, the very highly travelled roadways in Burien include 15t Avenue S, Ambaum Boulevard SW, Des
Moines Memorial Drive S, S 128™ Street, SW 128™ Street, SW 152" Street, SW 160" Street, and SW
Ambaum Boulevard. WSDOT owned highways SR 509 and SR 518 also run through the basin and
discharge to Miller Creek with limited treatment.

Overall, there are 224 facilities providing some level of water quality in the Miller Creek basin. Facility

counts include both private and public facilities. Facility types include water quality structures (including

proprietary water quality systems), stormwater swales, wet vaults, and rain gardens/bioretention. These

facilities are concentrated all over the basin especially in the middle ofthebasi n (i ncl uding Buri
downtown) and southeast portion of the basin. It appears that most of transportation corridors listed

above receive little treatment.

Water quality treatment that was constructed as part of the regional facilities in conjunction with the
LID requirements for developers in NERA continue to mitigate for current and future polluting land uses in
NERA.

The CihtAyerdus S Btormwater Retrofit Project treats stormwater runoff from a 54-acre basin, which
has primarily residential land use, before discharging to the Vacca Farm Mitigation Wetland. This project
addresses TSS, phosphorous, dissolved copper, and dissolved zinc, and reduces peak flows to Miller
Creek through increased infiltration.

Three retrofits from the Cityds water qu @tetrettpentr et r of i t
systems were installed to treat residential and roadway runoff at three locations within the Miller Creek

basin: S 165" Street and DMMD, Ambaum Boulevard S and S 169" Place and 8™ Avenue S (both sides

of the street).

The City also completed a preliminary study in the Chelsea Park neighborhood to identify locations to
provide water quality treatment and create green spaces throughout the neighborhood by installing
dispersed bioretention facilities. A further study is needed to prioritize feasible locations.

T h e Criewlybdilk Moshier Park Stormwater Retrofit project improves water quality in Miller Creek
through the design of bioretention cells, permeable pavement, and biofiltration swales at Moshier Park in
the City of Burien. This project was designed to treat TSS and also reduces flows to Miller Creek by
increasing stormwater infiltration and providing stormwater detention.

Within the Miller Creek basin, many properties both in King County and in the City of Burien use private
septic systems. Approximately 15% of parcels inside the Miller Creek basin within the City have onsite
sewage systems. Of these, 2% (21 parcels) have recorded septic system failures between 20187 present
(Public Health Seattle and King County, 2022). If these systems malfunction, fecal coliform and other
bacteria can discharge to surface water. For example, much of the basin that is on septic systems in the
Boulevard Park neighborhood backs up when the stormwater conveyance floods, and this likely degrades
the water quality of the runoff to the creek. No studies were located that diagnose the causes of bacteria
pollution in Miller Creek. Acreages of pollution-generating land uses for TSS, turbidity and metals for the
Miller Creek basin and subbasins are summarized in Table 3-4 and Figure 3-17.
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West Fork Miller Creek Subbasin
Polluting land uses account for 19% of the West Fork of Miller Creek subbasin. There are 54 unique

water quality facilities that are designed to provide some level of treatment. On average for the entire
subbasin, there is one water quality facility for every 23 acres of polluting land use area. The facilities are
not evenly spread which results in certain neighborhoods having a greater number of facilities as
compared to others. Based on visual inspection, the Salmon Creek and Evansville neighborhoods have
the least number of water quality facilities.

The average facilities per acre of polluting land use calculation does not account for the current and future
mitigation of polluting land uses within NERA.

Downtown Tributary Subbasin
The predominant land uses in the Downtown Tributary subbasin are commercial and industrial. There are

54 unique water quality facilities that are designed to provide some level of treatment. On average for the
entire subbasin, there is one water quality facility for every six acres of polluting land use area. The
facilities are relatively well distributed.

Lake Burien Creek Subbasin
The land use is primarily residential homes with some commercial and industrial land use from the

downtown neighborhood. There are 37 unique water quality facilities that are designed to provide some
level of treatment. On average for the entire subbasin, there is one water quality facility basin for every
14 acres of polluting land use area. Of the water quality facilities within the Lake Burien subbasin, the
majority are located in the downtown neighborhood, with very few facilities being located in the Lake
Burien neighborhood despite it representing most of the subbasin area.

Table 3-4  Polluting Land Uses and Water Quality Facilities in the Miller Creek Basin
and Subbasins?

Water
Total Office High Density Special | Quality
Area |Industriall Commercial Residential Planning Facilities
(acres)| (acres) (acres) (acres) (acres)  (count)
Miller Creek basin 3271 | 136 443 321 60 224
(including subbasins)
West Fork Miller
Creek subbasin 1,256 89 80 67 0 >4
Downtown Tributary 306 0 163 o8 29 54
subbasin
Lake Bgrlen Creek 515 0 64 86 21 37
subbasin

1 Polluting land uses do not sum to the total basin area. The remainder of the basin consists of
non-polluting land uses.
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Figure 3-17 Polluting Land Use Fractions in the Miller Creek Basin and Subbasins?

Development Pressures

Significant growth is planned in the Miller Creek basin. Growth plans associated with the basin include
the Burien Urban Center Plan, Ambaum Boulevard Corridor Plan and Boulevard Park Corridor Plan
(Figure 3-11). These plans are discussed under City-wide anticipated growth in Chapter 3, Section 2
Study Area Characteristics. In general, as development and redevelopment occurs, stormwater
management will be brought up to current standards and positively benefit Miller Creek and its tributaries.

Stormwater capital improvement projects that were identified in the Miller Creek basin in the SDMP
include stormwater conveyance improvements to primarily address localized flooding. Studies
recommended in the plan, specifically in the Miller Creek basin, include:

142 Street Depression to address flooding
Chelsea Park neighborhood Bioretention Sizing to provide water quality treatment and create green
spaces around the neighborhood

A
A

There are several planned transportation infrastructure improvements in and adjacent to the basin which
will drive further redevelopment. The transportation projects, in cases where the impervious surface areas
and pollution generating surface areas are increased, will be required to meet current flow control and
water quality regulations.

Transportation Projects from 20221 2027 TIP list that will likely be completed in the next decade in and
adjacent to the basin, are presented in Table 3-5. Only those projects that may have potential for
stormwater management or for including stormwater retrofits are noted.

2 Only polluting land uses are included, the remainder of the basin and subbasins are
non-polluting land uses.
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Table 3-5

Name of Project
1st Avenue S Phase 3

Transportation Improvement Projects in the Miller Creek Basin (2022i 2027)

Project Description

Reconstruct roadway to principal arterial standards
including pedestrian, stormwater detention and water
quality facilities, center medians and left turn lanes,
signal improvements and interconnections, landscaping
and irrigation, and driveways consolidation where
feasible. Reconstruct intersection at SW 128™ Street
and add protected left turn phasing at SW 136t Street.
Overhead to underground utility conversion. Major
drainage replacement (MDR).

1st Avenue S Phase 4

Reconstruct roadway to principal arterial standards
including pedestrian, stormwater detention and water
quality facilities, center medians and left turn lanes,
signal improvements and interconnections, landscaping
and irrigation, and driveways consolidation where
feasible. Overhead to underground utility conversion.
MDR.

SW 136t Street

Reconstruct road to include storm drainage, bike lanes,
transit access, parking, curb, gutter, and sidewalks.

8 Avenue S (Programs A, G)

Pedestrian access project. Sidewalk, curb and gutter,
bike lanes, drainage, landscaping, and illumination.

SW 144t Street and SW 146" Street

Reconstruct road to include storm drainage, bike lanes,
curb, gutter, and sidewalks.

21st Avenue SW

Reconstruct road to include storm drainage, bike lanes,
transit access, parking, curb, gutter, and sidewalks.

16t Avenue SW

Reconstruct road to include storm drainage, curb,
gutter, and sidewalks, bicycle lanes or sharrows. MDR.

8t Avenue SW (Program A)

Reconstruct road to include storm drainage, bike lanes,
parking, curb, gutter, and sidewalks.

8 Avenue S (Programs A, G)

Reconstruct road to include curb, gutter, sidewalks,
bicycle lanes, parking, drainage, landscaping, and
illumination.

4th Avenue SW (Program A)

Reconstruct road to include sidewalk on west side,
storm drainage, parking, curb, gutter, sidewalks, and
sharrows.

SW 159t Street and 19" Avenue SW
(Program A)

Reconstruct road including storm drainage, street
lighting, parking, curb, gutter, bike lanes and sidewalks.

SW 172nd Street/Sylvester Road SW

Road reconstruction, including storm drain
improvements, pedestrian access, or other
infrastructure that can be built within the existing public
street right-of-way. Bicycle movement through this area
shall be accommodated by shared bicycle/vehicle
usage, and signage.

Sylvester Road SW

Reconstruct to include curb and gutter, sidewalks, bike
lanes or sharrows, drainage, landscaping and
illumination. Overhead to underground utility conversion.

Stormwater Management Action Plan (SMAP) Excerpt
Receiving Water Conditions Assessmenti DRAFT

3-41
Otak




Name of Project
S 136t Street (Program A)

Project Description

Bicycle lanes on both sides. Repair inadequate and
non-Americans with Disabilgs Act(ADA) portion of
existing sidewalk and fill in gaps in sidewalk.

S 152 Street (Program A)

Sidewalk on both sides of street. Fill in gaps in
intermittent sidewalk and ensure implementation of
ADA standards. Bicycle lanes on both sides of street.
Connect to Highline High School.

4th Avenue SW (program A)

Pedestrian access project. Sidewalk on east side, curb
and gutter, bike lanes, drainage, landscaping, and
illumination.

SR 518/DMMD Westbound On-ramp

Construct westbound on-ramp from SR 518 to DMMD.

NERA

Construct new streets and signals as envisioned in the
NERA Plan. Improve and create pedestrian
connections. Area generally bounded by 8t Avenue S,
S 136t Street and DMMD.

SW 132" Street Trail Completion
(Program A)

Install multi-use bike path on unopened right-of-way.
Install a pedestrian actuated Highintensity Activated
crossWalKHAWK) signal on 1t Avenue S. Complete

the physical connection for the 8" Avenue SW to
1st Avenue S neighborhood bikeway.

160" Street Corridor Improvements

Implement traffic operations improvements on

160" corridor between DMMD and 4™ Avenue SW.
Construction will improve traffic operations and vehicle
progression between the two intersections and along
the corridor.

SW 152" Street

From 10" Avenue SW to 20" Avenue SW: Curb and
gutter, 6-foot sidewalk. Bicycle movement through this
area shall be accommodated by shared bicycle/vehicle
usage, and signage.

SW 150t Street

S 160t Street (Program A)

Fill in gaps in intermittent sidewalk and ensure
implementation of ADA standards for ramps.

SW 160" Street (Program A)

Fill in gaps in intermittent sidewalk and ensure
implementation of ADA standards for ramps, strip
bicycle lanes or sharrows.

S 160t Street/509 Northbound Ramp

Coordinate with WSDOT for interchange improvements.

SW 128" Street Improvements (Program A)

Construct roadway safety/capacity improvement
recommended from corridor study to be completed
in 2018.

SW 157t Street

Install storm water pipe in open ditches on north side of
the road and pave the surface for roadway and parking
use.
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Conclusion

Miller Creek is a fish bearing stream that has been degraded because of human modifications of land

cover and land use over the years. The stream drains over 50% of the City, and 69% of the greater basin

is inside City limits, meani ng that the Cityds stormwater management
both the flows and water quality in the stream system. Flow has been degraded because significant

development occurred prior to stringent stormwater regulations, and stormwater facilities may not be

providing adequate flow control and water quality treatment. Additionally, the stormwater infrastructure is

old, and many facilities are coming to the ends of their life cycles.

Mill er Creek is on Ecol ofgoaé&difor® amt Categoryl2ifoszinc abéddogperor y 5 f o
B-IBI has been consistently documented as poor to very poor. There are also indications that turbidity and
TSS concentrations may be higher than those beneficial to aquatic habitat.

Improvements to the flow regime and water quality will restore stream health which will help the aquatic
habitat thrive. The Cityo6s portion of the basin WQIswoblébeteftadwat er
all of Miller Creek and the outfall to Puget Sound. The City has already installed several water quality
retrofits to reduce pollutant loads from residential neighborhoods and heavily used streets. The 165 acre
NERA basin has been mitigated to current stormwater standards. In addition, there is an ongoing Miller
Creek Restoration project that will realign the West Fork Miller Creek Tributary and create floodplain,
which will benefit aquatic habitat. This basin is slated for redevelopment in the Downtown Tributary basin
and transportation projects basin-wide. Where redevelopment occurs, stormwater management will be
brought up to current standards and positively impact Miller Creek and its tributaries. However,
redevelopment will be concentrated in certain pockets, and it would be beneficial to add retrofits to this
basin to aid the other efforts to improve stream health.

Section 5. Walker Creek Receiving Water Assessment

The Walker Creek system drains into Miller Creek approximately 420 feetf r om Mi | | dischargertoe e k 6 s
Puget Sound (Figure 3-18). It is located within the Central Puget Sound Watershed area of WRIA 9 and

has a greater basin size of 1.6 square miles flowing in a southwest direction through the cities of Burien

and Normandy Park. Walker Creek flows for approximately 2.7 miles before its confluence with Miller

Creek. Roughly 39% of the Walker Creek basin is located within the City and it occupies roughly 6% of

thec i t y 06 s theaMaehattari and Five Corners neighborhoods. The streamds entire drai
referred t o hgeenter WalkereGr eaesk tbhaepartion obthelshee eamds dr ai nage bas
|l ocated within the City | i WMalkesCriese kr ebVadkerCeealobasin her eaf t e
resides in the Manhattan and Five Corners neighborhoods (Figure 3-3).

The headwaters of Walker Creek occur in a forested high-quality wetland within Burien, west of SeaTac
Airport. While the stream begins in Burien, there is additional upstream contributing area to the basin that
exists within the City of SeaTac. The stream flows in a generally southwest direction until its confluence
with Miller Creek within the City of Normandy Park. While there are some smaller tributaries that
contribute to Walker Creek downstream of the headwaters, these streams are all located within the City of
Normandy Park. For this reason, this analysis will focus on the impacts to the headwaters of Walker
Creek that are located within Burien.
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Major Stakeholders in the Basin

Walker Creek flows through the cities of Burien and Normandy Park and the greater basin extends into
the City of SeaTac. Burien currently partners with King County, Normandy Park, City of SeaTac, and the
Port of Seattle to fund the Miller-Walker Creek basin steward through King County. Funding a basin
steward position was recommended in the Miller and Walker Creeks Basin Plan and is discussed in more
detail in the Miller Creek Receiving Water Assessment.

Major Studies in the Basin

Miller and Walker Creeks Basin Plan (King County, 2006)

In 2006, King County partnered with neighboring jurisdictions and published the Miller and Walker Creeks
Basin Plan. The plan addresses surface water quality, flooding, stormwater infrastructure capacity, and
fish habitat issues.

Miller-Walker Basin Stormwater Retrofit Project Implementation Plan (HDR, 2015)

In 2015, King County Water and Land Resources Division in collaboration with neighboring jurisdictions
published the Miller-Walker Basin Stormwater Retrofit Project Implementation Plan. The objective of
this plan was to identify and prioritize the most cost-effective stormwater retrofit projects within the
Miller-Walker basin to improve water quality and habitat conditions in the creek, while also providing
neighborhood enhancements, such as reduced localized flooding, increased tree coverage, and
pedestrian and bicycle safety improvements. The study states that Miller Creek is a higher priority for
retrofit projects as compared to Walker Creek because it has a higher development density.

Aquatic Habitat

Cutthroat trout and chum, coho, steelhead, and cutthroat salmon are present in Walker Creek. Walker
Creek is identified on the Burien critical areas map as a Type F stream, defined as a perennial stream
containing fish habitat, therefore a buffer with a width of 100 feet must be maintained along the stream
(BMC 19.40.340).

Fish that have been identified in the Puget Sound region at the mouth of the stream include rainbow trout,
cutthroat trout, Dolly Varden, eastern brook trout, whitefish, largemouth bass, perch, crappie, and catfish.
WDFW and various Tribal governments supplement the natural stocks in order to maintain river runs for
most of these species.

I n Mil Il er andnndédpdwaing re@imsaod dne té tavo thousand chum, coho, steelhead, and
cutthroat are estimated to have occurred before the effects of urbanization, an approximate ten-fold
difference over recentreturns6 ( City of Burien et al., 2006). SWI FD co

Walker Creek in addition to coastal cutthroat trout. The returning salmon population in Walker Creek has
decreased in the last decade. In 2011, the Miller/Walker Creeks Stewardship group observed 507 salmon
in Walker Creek and in 2021 only 41 salmon were observed (Kemp, 2021).

Physical Setting and Flow Characteristics

Walker Creek is a perennial stream that is influenced by both stormwater runoff and groundwater from the
Cities of SeaTac, Burien, and Normandy Park. Stormwater enters the stream through either sheetflow or
the Cityods stor mwat Accoodvaeyah o etheke pre 2putfglldfoom (e S
stormwater conveyance system to the greater Walker Creek stream system. A significant portion of the
greater Walker Creek basin is outside of Burien but appears to influence the stream in a similar fashion.

The section below presents an in-depth discussion of WalkerCr e ek 6 s physical setting an
influencing the streambs flow quantity and water qual i:
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and soils, topography, land cover, critical areas (e.g., wetland and steep slopes), and stormwater
infrastructure. Climate, which is region specific, is described in Chapter 3, Section 2.

Geology and Soils

The dominant surficial geological unit within the greater Walker Creek basin is till which has limited
infiltrating capabilities (Figure 3-4). There are also non-trivial amounts of outwash soils at the north and
south ends of the basin.

Topography and Stream Slopes
The topography of the Walker Creek basin generally slopes from east to west. There do not appear to be
any major local depressions within the City of Burien.

The highest elevation is approximately 370 feet, which occurs at the south end of the basin near the city
limits of Burien (Figure 3-5). The average slope of Walker Creek is approximately 1.6%. As stated
previously, most of the length of Walker Creek flows through Normandy Park. Within the City of Burien,
the stream elevation falls from approximately 225 feet to 210 feet over 4,200 feet before leaving the City.
This equates to an average channel slope of 0.4%. After Walker Creek flows out of Burien, the channel
slope increases as it flows through a riparian corridor to Puget Sound. The average slope downstream of
Burien is 2.1%.

Land Cover

Land cover in the Walker Creek basin was highly modified long before current stormwater standards

cameintoeffect Ki ng Countyds bl ack and 98bhowsé¢hatmestofthelbasihmagery fr
had already been converted to impervious surfaces from urban development (Figure 3-7). Upcoming

redevelopment in the Walker Creek basin will be required to meet current stormwater standards which

would mitigate for impervious surfaces by providing flow control. Based on the land cover data developed

for the Stormwater Heatmap, the Walker Creek basin has an impervious area fraction of 33% (132 acres)

(Table 3-6 and Figure 3-19). The rest of the basin is a mix of forest and lawn as land cover. There are no

major waterbodies located within the Walker Creek basin.

Overall, there are 44 facilities providing some level of flow control in the Walker Creek basin, dispersed
throughout the basin. The facilities include different types of ponds and vaults that provide infiltration,
retention, and detention; some are owned privately while others are public facilities. Land cover fractions
and counts of flow control facilities for the Walker Creek basins and subbasin are presented in Table 3-1.

The predominant land use in the Walker Creek basin is residential. The only major roadway is DMMD,
which runs north-south through the basin. With 44 unique flow control facilities in the area, there is one
flow control facility for every three acres of impervious area. Most of the facilities tend to be concentrated
closer to the SeaTac Airport and are mostly located along DMMD or near the industrial area in the
eastern part of the basin within the Manhattan neighborhood. There are no flow control facilities south of
186t Street, which may represent an opportunity to provide additional flow control.
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Table 3-6 Land Cover and Flow Control Facilities in the Walker Creek Basin

Total Flow Control

Area Lawn Forest Bare Soil Water Impervious Facilities
(acres) (acres) (acres) (acres) (acres) (acres) (count)

Walker Creek

. 399 112 155 0 0 132 44
basin

Land Cover Fractions
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M Impervious Lawn M Trees/Forest M BareSoil B Water

Figure 3-19 Land Cover Fractions in the Walker Creek Basin

Critical Areas

The critical areas in the Walker Creek basin are stream buffers, wetlands, and seismic hazard areas
(Figure 3-8). There are two main wetlands, both of which are directly associated with Walker Creek. The
first is a high-quality Category 2 wetland that forms the headwaters of Walker Creek and covers an area
of 23 acres. The second is a riparian wetland along the stream and has an area of roughly nine acres.
There is also approximately 229 acres of a seismic hazard area between Miller and Walker Creeks where
they exit the fassingoNermdndytParld ary t o

Stormwater Infrastructure

The City of Burien has provided data outlining the stormwater infrastructure within the Walker Creek
basin, which includes pipes, catch basins, manholes, culverts, ditches, vaults, ponds, pumps, swales,
outfalls, and stormwater BMPs (Figure 3-10). The Walker Creek basin has approximately 15 miles of
stormwater conveyance pipes, ditches, culverts, and watercourses within Burien. There are 668 different
structures connecting the various conveyances and 22 stormwater outfalls that discharge into Walker
Creek at various locations.

The locations of stormwater facilities appear to be generally consistent with the land cover and land use
of the basin. The highest concentration of stormwater facilities (ponds and vaults) are located in the more
industrial areas of the basin near SeaTac Airport or along DMMD. Both the northern and southern
portions of the Walker Creek basin have few flow control facilities. These areas appear to be residential
areas based on visual inspection.
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Peak Flows

A hydrologic model was developed as part of the analysis for the Miller and Walker Creeks Basin Plan in

the early 2000s. In Walker Creek, the model was calibrated with one precipitation gauge (42U) and two

flow gauges, one near the confluence with Miller Creek (42E) and one near DMMD, just downstream of

t he st r adeatedsg42Q@).erhe analysis concluded that the development of the Walker Creek basin

has significantly increased flows. At the downstream gauge near the confluence with Miller Creek, the

modeling indicated that peak flows were three to eight times greater now than under predeveloped forest

condition. Figure 3-20 and Figure 3-21 belowar e screenshots from King Countyds
current peak and low flows as compared to pre-historic flows when the dominant land cover was forested.

Figure 3-20 additionally explores the impacts of the proposed third runway and its associated mitigation

on the peak flows in Walker Creek. Since the study , t he P or thirdounwa$ leaalieénl e 6 s
constructed. However, only a smal/l portion of the Wal ki
property, which minimizes its impact on the overall basin hydrology when compared to the Miller Creek

basin. Similar to the Miller Creek basin, the construction of the third runway actually decreases the peak

flows in the basin due to the restorative standard required by Ecology on the Port of Seattle property.

Examining the full data set which runs from WY 1993 through WY 2021, the mean daily flows for Walker

Creek range from 0.3 cfs to 42.3 cfs at the gauge station near the confluence with Miller Creek.

Figure W6
Flow Frequency Analysis - Walker Creek near Mouth
(annual 1-hour maximums)
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Figure 3-20 Walker Creek Flow Frequency Analysis
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Figure W8
Low Flow Frequency Analysis - Walker Creek near Mouth
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Figure 3-21 Walker Creek Low Flow Frequency Analysis

Water Quality

Water quality in Walker Creek and its tributaries is assessed for this plan by summarizing information
from existing studies and correlating water quality degradation with land uses within the basin that are
typically associated with the generation of stormwater pollutants. The primary focus in this plan is for
pollutants carried by stormwater runoff, although other water quality issues are discussed.

Water Quality Assessment for Washington State

Based on Ecologyds 2016 Water Quality Assessment (the
reach of Walker Creek does not meet the bacteria surface water quality standard for primary contact

recreation and temperature surface water quality standard for aquatic life use, and therefore is included in

the stateds 303( d) oflimpaired wat€rboties gFagurey 3-22). Listing IDs far the

impairments are 74701 and 72604 for bacteria and temperature, respectively. For impaired waterbodies,

Ecology is required to develop WQI projects or TMDLs. Currently, there are no TMDLs or WQI projects

implemented in the Walker Creek basin.

Based on Ecologyébés 2016 Wat e rreadhDofdMalket Greeldnsestetisestate nt , t he |
water quality standards (Category 1) for Ammonia-N. Being placed in this category does not necessarily
mean that a water body is free of all pollutants.
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Analysis of Receiving Water Health

Available information was compiled and reviewed to understand the water quality conditions in Walker
Creek and its tributaries. Table 3-7 summarizes each source of information, and which pollutants were
considered to be of concern for the stream.

Miller and Walker Creeks Basin Plan (2006)

The plan states that Miller and Walker Creek basin has become degraded because of surrounding urban
development. Development includes a combination of residential neighborhoods and commercial uses.
Poor water quality degraded aquatic habitat, and areas of flooding and erosion are a result. Walker Creek
streambed, in its current state, provides poor salmon habitat. The plan references older studies that show
elevated levels of metals discharging to Walker Creek. According to the plan, in comparison to Miller
Creek, Walker Creek has less scour in its streambed which may be a consequence of both the headwater
wetlands that slow down runoff and outwash soils that infiltrate stormwater, thereby reducing high velocity
runoff. Sequoia Creek, a tributary of Walker Creek outside the City is described as experiencing
accelerated erosion which may be caused by higher peak flows due to the urbanization in the basin prior
to detention requirements. Walker Creek is one of the sediment sources for the common estuary of Miller
and Walker Creeks.

Miller/Walker Creek Monitoring Activities for 2013 (King County, 2014)

A program was completed in 2013 by King County to monitor and assess water quality in Miller and
Walker Creeks. The program included stream flow, stream water quality, and stream biological
assessments. The results of this monitoring program for Walker Creek were:

A Walker Creek often did not meet state water quality standards for temperature, and DO and pH; same
as other streams in urban areas.

A Walker Creek had cooler water compared to Miller Creek. The reason might be because Walker Creek
is fed by groundwater and has wider floodplains.

A Walker Creek exhibited very high maximum turbidity (736 NTU) value with increased flows, which were
attributed to large quantities of stormwater entering the creek rapidly. No exceedances of turbidity
standards were reported due to the lack of background values. However, if the background were equal
to the annual mean value of 6.9 NTU for Walker Creek, the site would have exceeded the standard
80 or more days.

A Walker Creek rises quickly after storms (flashy), but it is not as flashy as Miller Creek. Flow velocity
and erosion potential are higher in the downstream reaches of Walker Creek.

A The results of benthic macroinvertebrate sampling at one site in Walker Creek are not published as
part of the 2013 King County study; however, the 2012 benthic invertebrate data from the Walker
Creek sites averaged to a score of 31.3 out of 100 (poor).

Miller-Walker Basin Stormwater Retrofit Planning Study (HDR, 2015)

This study was conducted to identify and prioritize the most cost-effective stormwater retrofit projects
within the Miller-Walker basin to improve water quality and habitat conditions in the creeks and reduce
localized flooding. Thirty potential LID projects were identified as relatively high priority retrofit projects
which were aligned with planned park, pedestrian, and bicycle improvements. The study acknowledges
urbanization prior to current stormwater standards as a major contributor to degradation.

B-IBI estimates were modeledt o be fApoor 6 in the Walker Creek basin.
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Spawning Salmon Population Analysis of Walker and Miller Creek (Ankuta, 2021)

The Ankuta study assessed reasons for extreme pre-spawn mortality of coho in urbanized areas, where

the death rate has been found to be as high as 90%. Miller and Walker Creeks were assessed for this

study because these two creeks have been showing a steep decline in fall salmon runs, and come in

contact with roads and freeways. The evaluation was conducted during the fall salmon run October to
December. The study found significantly more live fish and fewer dead fish in the upper reaches of

Walker Creek compared to upper Miller Creek. The findings are consistent with Miller Creekbé s gr eat er
exposure to roadways.

The predominant factor contributing to the decline in coho has been found to be toxic runoff from roads.
Ankuta references a recent study which has found that 6PPD-Q is highly lethal to coho, and it finds its
way into creeks when water runs off of roadways.

This study recommends reducing toxic road runoff that kills coho through different solutions, including
creating sand biofiltration systems along impervious surfaces and producing vehicle tires that do not
contain 6PPD.

Ecologyés Environment al I nf or métologyn?202Ma nagement ( EI M) D
There is one sampling location at Walker Creek near the mouth (sampling ID: 09L060). Samples were

collected between 20081 2009 and include a variety of parameters (such as metals, turbidity, TSS, and

DO). There is no study reflecting the sample results at the location. These data were not assessed for this

plan.

Other Studies
Sources listed below were reviewed, but no information was found for Walker Creek or its tributaries:

1. Puget Sound Stream B-IBI
2. King County WQM Database
3. USGS Database/Studies
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Table 3-7 Pollutants of Concern Discussed in Studies that were reviewed to assess the
Health of Walker Creek and its Tributaries

Water Quality Parameters

B-I1BI/
TSSY Ecological Fecal
Temp®! DO! pH  Turbidity Metals Health! Coliform

Miller and Walker Creeks
Basin Plan (King County, 2006)

Miller/Walker Creek Monitoring
Activities for 2013
(King County, 2014)

Miller-Walker Basin Stormwater
Retrofit Planning Study
(HDR, 2015)

Ecologyds 303(d)
(Ecology, 2016)

Spawning Salmon Population
Analysis of Walker and Miller
Creek (Ankuta, 2021)

Color coding: Green means no exceedance of water quality standard or elevated levels of parameters were
discussed in the studies. Red means the parameters exceeded state water quality standard, had signs of water
quality impairments, or had reported elevated concentration. For B-IBI score, green and red mean the reported
scores were high and low, respectively. White means the parameter is not discussed in the study.

Temp, DO, TSS, B-IBI are temperature, DO, TSS, and Benthic Index of Biotic Integrity, respectively.

Existing Land Uses

BasedontheCi t y6s zoning wit hi n399dces) &adluse@nmarlrcangstsofb asi n (
low-density residences (Figure 3-9). Higher density residential, office commercial, and industrial land uses

are concentrated in the middle of the basin and account for 32% of the basin area (Figure 3-22). The

water quality facilities (i.e., stormwater swale and rain garden) are limited and serve mostly the high

density residential, commercial, and industrial land uses in the middle of basin.

City-owned rights-of-way that have high ADT and receive limited treatment within the Walker Creek basin
include S 168" Place, S Normandy Road, DMMD, and Ambaum Boulevard S. Water quality treatment
was recently installed to treat a portion of Ambaum Boulevard S.

Overall, there are 19 facilities providing some level of water quality treatment in the Walker Creek basin.
Facility counts include private and public facilities. Facility types include water quality structures (including
proprietary water quality systems), stormwater swales, ponds, vaults, and rain gardens. These facilities
are concentrated along DMMD, S Normandy Road and Ambaum Boulevard S.

Acreages of pollution-generating land uses for TSS, turbidity and metals for the Walker Creek basin and
subbasins are summarized in Table 3-4.
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Table 3-8 Polluting Land Uses and Water Quality Facilities in the Walker Creek Basin?®

High Water

Office Density Special Quality

Total Area | Industrial |Commercial Residential Planning Facilities

(acres) (acres) (acres) (acres) (acres) (count)

ke 399 75 17 37 0 19
35%
30%
25%
20%
15%
10%
5%
0%

Walker Creek

B Industrial Office/Commercial High density residential
Figure 3-23 Polluting Land Use Fractions in the Walker Creek Basin*

Within the Walker Creek basin, many properties both in surrounding cities and in Burien use private
septic systems. Approximately 41% of parcels inside the Walker Creek basin within the City have onsite
sewage systems. Of these, 4% (11 parcels) have recorded septic system failures between 201871 present
(Public Health Seattle and King County, 2022). When these systems malfunction, fecal coliform and other
bacteria can discharge to surface water.

Development Pressures

There are no growth plans or stormwater projects planned in the Walker Creek basin. Two planned
transportation infrastructure improvements in and adjacent to the basin will drive further redevelopment.
The transportation projects, in cases where the impervious surface areas and pollution generating surface

3 Polluting land uses do not sum to the total basin area. The remainder of the basin consists of
non-polluting land uses.

4 Only polluting land uses are included, the remainder of the basin is non-polluting land uses.
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areas are increased, will be required to meet current flow control and water quality regulations.
Redeveloped properties will be required to meet current stormwater standards as well.

The following are the transportation projects from the 20221 2027 TIP list that will likely be completed in
the next decade in and adjacent to the basin:

1. Lake to Sound Trail T SW Normandy Road to 8t Avenue S
2. DMMD T S 165" Street to Normandy Road i reconstruct and widen roadway

Currently, no stormwater capital improvement projects or stormwater studies are recommended
specifically in the Walker Creek basin.

Conclusion
Walker Creek is a fish bearing stream that has been degraded because of human modifications of land
cover and land use over the years. The stream drains roughly 6% of the City, and less than 40% of the

greater basin is inside City limits, meani ng t hat the Cityds stomoderatd er manac

impact on both the flows and water quality in the stream system. Flow has been degraded because
significant development occurred prior to stringent stormwater regulations, and stormwater facilities may
not be providing adequate flow control and water quality. Additionally, the stormwater infrastructure is old,
and many facilities are coming to the end of their life cycles.

WalkerCr eek i s on EtisoQategpry b for feBabcdlifodm)and temperature. B-I1BI has been
consistently documented as poor. There are also indications that turbidity and TSS concentrations may
be higher than those beneficial to aquatic habitat.

Improvements to the flow regime and water quality will restore stream health which will help aquatic

habitat thrive. The Cityo6s po WalkeoGreelpdoanyWeIswoald i n i s t
benefit all of Walker Creek and the outfall to Puget Sound. The City has already installed a water quality

retrofit to reduce pollutant loads from residential neighborhoods and Ambaum Boulevard S. Little

redevelopment is planned in the Walker Creek basin, thus it would be beneficial to add retrofits to this

basin to improve stream health.

Section 6. Salmon Creek

The Salmon Creek basin drains directly into Puget Sound and is located within the Central Puget Sound
Watershed Area of WRIA 9. Draining a total area of 2.1 square miles, the basin flows roughly in a
northeast-southwest direction through the Cities of Seattle and Burien and unincorporated King County
before flowing into Puget Sound (Figure 3-2). The most downstream portion of the greater Salmon Creek
basin is in the City of Burien. In the City of Burien, the Salmon Creek basin is located in the Shorewood,
Inglesea, and Salmon Creek neighborhoods (Figure 3-3).

The main stem of Salmon Creek flows for approximately 0.9 miles before reaching Puget Sound (Figure

3-24). Roughly 35% of the Miller Creek basin is located within the City and it occupies roughly 7% of the

City. The streamds entire dr ai readiegrBedamnedr 6 esk rked irm.ed
portion of the streambs drainage basin | ocatSamonwi t hi
Creek basin.o

Flow for the greater Salmon Creek basin originates outside the City limits, primarily from Lake Hicks
(also referred to as Hicklin Lake or Hicks Lake) and the neighboring subbasin (Otak, 2020) to the north in
unincorporated King County and the City of Seattle. The main stem of Salmon Creek and all tributaries
are in the City of Burien. The main stem originates near Ambaum Boulevard SW where a 48-inch pipe
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terminates. There are several tributaries to Salmon Creek, the majority of which flow through Salmon
Creek Ravine.

Inthelate 1970 s a @ by p a was ingtallqul ®ldivert erasive stormwater flows from the headwaters

of Salmon Creek. The bypass pipe carries stormwater parallel to the stream within Salmon Creek Ravine,

under Ambaum and discharges it back into the stream near Shorewood Drive SW. Therefor e, A Sal mon
Creek and its tributaries in the ravine are largely immune from the dramatic and negative impacts of

stormwater runoff that frequently dominate the hydrology of smaller streams in the central Puget Sound

area.0 (Buening, 2011)

Salmon Creek and Salmon Creek Ravine historically hosted logging operations beginning in the late
1800s (Burien, 2021). Traces of skid roads can be seen near Salmon Creek today. In the 1940s, a
sawmill operation blocked salmon from migrating upstream with a rock at the mouth of the stream.
Later, a culvert was installed beneath Shorewood Drive which is a barrier to fish migration today.
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Major Stakeholders in the Basin

The greater Salmon Creek basin spans three jurisdictions: the City of Seattle, unincorporated King
County, and the City of Burien. The Salmon Creek Ravine has been adopted by the organization
Shorewood on the Sound Community Club (Shorewood on the Sound, 2022). The community group has
conducted habitat restoration projects in the ravine which involve removing invasive species and
re-establishing native plants.

Major Studies in the Basin

In 2004, the City of Burien and residents of the Salmon Creek neighborhood developed the City's first
neighborhood plan, the Salmon Creek Neighborhood Plan. This plan outlines goals for improving water
quality and habitat in Salmon Creek, and the Salmon Creek basin and policies that outline steps to
achieving those goals. No other major studies were identified for the greater Salmon Creek basin.

Aquatic Habitat

According to the WDFW6s SWI FD data, coho sal mon
Creek. The main stem of Salmon Creek is identified on the Burien critical areas map as a Type F stream,
defined as a perennial stream containing fish habitat; therefore, a buffer with a width of 100 feet must be
maintained along the stream (BMC 19.40.340). While Salmon Creek is identified as a Type F stream, it is
inaccessible to anadromous salmonids due to multiple fish passage barriers on the main stem. The first,
near the mouth of the stream, is described as a dam, but it is likely a portion of an existing shoreline
bulkhead. The second barrier is a 0% passable culvert beneath Shorewood Drive SW. The final barrier is
a 0% passable culvert in the ravine.

According to the City, in the past Salmon Creek supported cutthroat trout and coho, chum, steelhead, and
Chinook salmon. Salmon migration was blocked when a rock was placed at the mouth of the stream in
the 1940s. Today, the Shorewood Drive culvert blocks migration due to its steep grade, high water
velocity, and shallow depth. Despite the blockage, cutthroat trout and sculpin are currently believed to
reside in Salmon Creek. Juvenile coho salmon are also released annually by Trout Unlimited.

Physical Setting and Flow Characteristics

Salmon Creek is a perennial stream that receives year-round baseflow from groundwater (Buening, 2011)
and is influenced by stormwater runoff from the Cities of Seattle and Burien and unincorporated King
County. The vast majority of stormwater runoff from the basin located east and north of Ambaum
Boulevard is diverted into a 24-inch diameter high-flow bypass pipe (Buening, 2011). The bypass pipe
carries stormwater parallel to the stream within Salmon Creek Ravine, under Ambaum and discharges it
back into the stream near Shorewood Drive SW. The lower flows are diverted into the stream. Limited
amounts of overland stormwater flow also reach the creek from the properties adjacent to the ravine.
Accordi ng t o,thereare Zlistoryvaser o@fallS to the Salmon Creek system (Figure 3-10).

The section below presents an in-depth discussion of Salmon Cr eek 6 s physi cal sett.i

influencing the streaméb6s fl ow quantity recltnhtevgaotogyr
and soils, topography, land cover, critical areas (e.g., wetland and steep slopes), and stormwater
infrastructure. Climate, which is region specific, is described in Chapter 3, Section 2.

Geology and Soils
The dominant soils within the greater Salmon Creek basin are till soils, which have limited infiltrating
capabilities (Figure 3-4). There are also outwash soils near Puget Sound which allow infiltration.
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Topography & Stream Slopes

The Salmon Creek basin generally slopes from northeast to southwest (Figure 3-5). The greater basin is
generally flat in the upper portion of the basin and the greatest elevation change occurs in the City of
Burien. The highest elevation in the greater Salmon Creek basin is approximately 485 feet and is north of
Burien. Salmon Creek meets Puget Sound at an elevation of ten feet. While the slopes of the basin itself
vary depending on location, the protected Salmon Creek ravine has steep topography. The slope of the
main stem of Salmon Creek appears to have a reasonably consistent grade. The stream falls from

335 feet elevation to Puget Sound over 0.9 miles. This equates to an average channel slope of 7%.

Land Cover
Land cover in the Salmon Creek basin was moderately modified long before the current stormwater
standardscame i nto effect. King Countyds black and white aer

the basin outside of the Salmon Creek Ravine had already been converted to impervious surfaces from
urban development (Figure 3-7). Future redevelopment in the Salmon Creek basin will be required to
meet current stormwater standards which will mitigate for impervious surfaces by providing flow control.
This is most likely along where there is planned growth along Ambaum Boulevard. Based on the land
cover data developed for the Stormwater Heatmap, the Salmon Creek basin currently has an impervious
area fraction of 29% (Figure 3-6).

Overall, there are 14 facilities providing some level of flow control in the Salmon Creek basin, dispersed
throughout the basin. The facilities include different types of tanks and vaults that provide detention; some
are owned privately while others are public facilities. Land cover fractions and a count of flow control
facilities for the Salmon Creek basin are presented in Table 3-9, and land cover factions are depicted in
Figure 3-25.

Table 3-9 Land Cover and Flow Control Facilities in the Salmon Creek Basin

Total Flow Control
Area Lawn | Forest |Bare Soil| Water Impervious Facilities
(acres) | (acres) | (acres) | (acres) | (acres) (acres) (count)
Salmon 473 115 227 0 0 132 14
Creek basin
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Land Cover Fractions
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Figure 3-25 Land Cover Fractions in the Salmon Creek Basin

Critical Areas

The critical areas in the Salmon Creek basin are landslide hazard areas and aquifer recharge areas
(Figure 3-8). The landslide hazard areas are in and adjacent to the Salmon Creek Ravine which accounts
for 182 acres of the basin. The aquifer recharge area is located in the northeast portion of the basin and
accounts for 26 acres.

Stormwater Infrastructure

The City of Burien has provided data outlining the stormwater infrastructure within the Salmon Creek
basin, including pipes, catch basins, manholes, culverts, ditches, vaults, ponds, pumps, swales, outfalls,
and stormwater BMPs. The Salmon Creek basin has approximately 19 miles of stormwater conveyance
pipes, ditches, culverts, and watercourses within Burien. There are also 671 different structures
connecting the various conveyance features and 21 stormwater outfalls (Figure 3-10).

The locations of stormwater facilities appear to be generally consistent with the land cover and land use
of the basin. The highest concentration of stormwater facilities (vaults) occurs in the more developed
portions of the basin, with higher percentages of impervious area and therefore higher stormwater runoff
flows. The southern portion of the basin within Burien has a lower concentration of facilities, which is
consistent with the more residential land uses. It does appear that much of the southern portion of the
Salmon Creek basin has no flow control provided, meaning that runoff from these areas likely is conveyed
directly to Salmon Creek. Stormwater facilities distribution and counts are discussed in more detail under
the land cover and land use sections.

Peak Flows
Hydrologic data were collected by King County of Salmon Creek at Shorewood Drive between July, 1991
and February, 2003 (gauge 50a). The daily flow ranged from 1.8 cfs to 21.4 cfs.
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Water Quality

Water quality in Salmon Creek and its tributaries is assessed for this plan by summarizing information
from existing studies and correlating water quality degradation with land uses that are typically associated
with the generation of stormwater pollutants. The primary focus in this plan is for pollutants carried by
stormwater runoff, although other water quality issues are discussed.

Water Quality Assessment for Washington State
ThereisnoWQIf or Sal mon Creek in Ecologyoddq th®kl6tWateddrs Q@Quoaslti tr
assessment) (Figure 3-26). Therefore, it is unknown if Salmon Creek meets water quality standards.

LakeHicksi s i n the greater Salmon Creek basi nHKickmhasnoh of Bu
outfalls. There are two listings for Lake Hicks (referred to as Hicklin Lake in the listings). It is included in
the Stateds | ist (Category 5 listing) of impaired wat el

total phosphorus (Listing ID 6340). It also has a Category 2 listing for not meeting the water quality
standard for bacteria (Listing ID 7484).

Stormwater Management Action Plan (SMAP) Excerpt 3-61
Receiving Water Conditions Assessmenti DRAFT Otak



Analysis of Receiving Water Health

Salmon Creek was studied in the Regional Stormwater Monitoring Program Puget Lowland Ecoregion
Streams program by Ecology. Salmon Creek has an overall B-IBI score of 59.8 which Puget Sound
Stream Benthos depicts as fair.

No information was locatedf or Sal mon Cr e ek QualtyBtas | Eg o dEsvigdaastal r
Information Monitoring system,orUS GS&és Nati onal Wa tWater qQalitadhardctgristibesr o gr a m.
in Salmon Creek are unknown.

Existing Land Uses

Based on the Cityds zoni ng 4vBiadrds)i land usd mimasilg domsistaof IGr e e k b a s |
to high-density residential and commercial areas (including office, neighborhood center; intersection, and

community commercial) as seen in Figure 3-9. The more urban land uses and the higher density

residences are concentrated along the center of the basin (along Ambaum Boulevard SW). Therefore, the

largest number of water quality facilities are in these areas.

City-owned rights-of-way that have high ADT and receive limited treatment within the Salmon Creek basin
include Ambaum Boulevard SW, 4" Avenue SW, 16" Avenue SW, SW 116t Street, SW 130" Street,

SW 1315t Street, and Shorewood Drive. Of these, the very highly travelled roadways in Burien include 16"
Avenue SW and Ambaum Boulevard SW.

Overall, there are 20 facilities providing some level of water quality treatment in the Salmon Creek basin.
Facility counts include both private and public facilities. Facility types include water quality structures
(including proprietary water quality systems), stormwater swales, and wet vaults. These facilities are
concentrated north and southeast of the basin. It appears that most of transportation corridors listed
above receive little treatment.

Acreages of pollution-generating land uses for TSS, turbidity and metals for the Salmon Creek basin and
subbasins are summarized in Table 3-10 and Figure 3-27.

Table 3-10 Polluting Land Uses and Water Quality Facilities in the Salmon Creek Basin®

High Water
Total Office Density Special Quality
Area Industrial Commercial Residential Planning Facilities
(acres) (acres) (acres) (acres) (acres) (count)
Salmon
Creek basin 448 0 24 43 0 20

5 Polluting land uses do not sum to the total basin area. The remainder of the basin consists of
non-polluting land uses.
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Figure 3-27 Polluting Land Use Fractions in the Salmon Creek Basin®

Within the Salmon Creek basin, few properties in the City of Burien use private septic systems.
Approximately 1% of parcels inside the Salmon Creek basin within the City have onsite sewage systems.
(Public Health Seattle and King County, 2022). There is no information indicating these systems have
failed recently, however if these systems malfunction, fecal coliform and other bacteria can discharge to
surface water.

Development Pressures

There is one anticipated growth plan in the Salmon Creek basin, the Ambaum Boulevard Corridor
Community Plan (Figure 3-11). Details of this plan are discussed in Chapter 3, Section 2 Study Area
Characteristics.

Two planned stormwater improvement projects were identified in the City of Burien SDMP (2020) in the
basin. Both are stormwater infrastructure improvement projects to reduce localized flooding. No
stormwater studies are recommended specifically in the Salmon Creek basin.

Two planned transportation infrastructure improvements in and adjacent to the basin will drive further
redevelopment in the next decade. The transportation projects, in cases where the impervious surface
areas and pollution generating surface areas are increased, will be required to meet current flow control
and water quality regulations. Redeveloped properties will be required to meet stormwater standards.

6 Only polluting land uses are included, the remainder of the basin is non-polluting land uses
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The following transportation projects from 2022i 2027 TIP list will likely be completed in the next decade
in and adjacent to the basin: (9, 19):

1. Ambaum Boulevard SW Corridor Pedestrian Safety Study 1
North City Limit to 15t Avenue S
2. 4% Avenue SW Bike Lanes 1 SW 116%" Street to SW 128™ Street

Conclusion

Salmon Creek is a fish-bearing stream that has been degraded because of human modifications of land

cover and land use over the years. The stream drains approximately 7% of the City and 35% of the

greater basin is inside City limits, meani ng t hat the Cityds stormwater manac(
both the flows and water quality in the stream system. Flow has been affected by development that

occurred prior to stringent stormwater regulations, and stormwater facilities may not be providing

adequate flow control and water quality treatment.

Salmon Creek has no water quality listings and no water quality data were identified. B-IBI has been
documented as fair.

Improvements to the flow regime and water quality will in turn restore stream health which will help

aquatic habitat thrive. Th dowfsireary godionpf@Galrhon Greekanfiallt he basi |
of Salmon Creek is in the City, so any WQIs would benefit most of Salmon Creek and the outfall to Puget

Sound. No water quality retrofit plans were identified to reduce pollutant loads in the basin. Where

redevelopment occurs, stormwater management will be brought up to current standards and positively

impact Salmon Creek. However, redevelopment will be concentrated in certain pockets, and it would be

beneficial to add retrofits to this basin to aid the other efforts to improve stream health.

Because significant fish passage barriers exist low in the system, the effectiveness of SMAP to improve
conditions for fish would depend on coordination with barrier removal efforts.
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Chapter 4. Relative Conditions Assessment

The relative conditions assessment compares the three basins to determine a candidate list of basins
where SMAP may be applied. Factors included in the relative conditions assessment include SMI, PSWC
basin management strategy, benefit to aquatic habitat assessed from the PSWC local salmonid habitats
score, and the presence of overburdened communities. Each factor is described in Section 3 of Chapter
2, Relative Conditions and Contributions Assessment Methodology. SMI is based on the following:

ASize of the basin, fraction of the total basin area w
A Influence of groundwater flows in the receiving water

A Impervious land cover that has not been mitigated by flow control facilities

A Polluting land uses that have not been mitigated by water quality facilities

A Fraction of the basin area that is publicly-owned, including right-of-way and City owned properties

A Heavily traveled roadways in the basin

A Development pressures

The PSWC projectods basi n man atgAUs:mthe Puget Soantd egionesilg ar e as s |
a relative comparison of flow and water quality characteristics. AU boundaries do not coincide exactly

with basin boundaries used in this plan (Figure 4-1). The AU with the greatest geographic overlap was

chosen to represent each basin. More than one AU may be associated with larger basins in this plan.

The PSWC projecté 8 | oc al s al mo n i scre hssignedtby AUsusing a ielativescomparison of

t he mtgiutay and quality of habitats for all sal monids pre
where a high score represents an important stream for aquatic habitat. The AU with the greatest

geographic overlap was chosen to represent each basin. More than one AU may be associated with

larger basins.

The presence of overburdened communities is assessed by using an alternative demographic index
established in the Cityds Green Burien Partnership Urb;
The index, mapped in Figure 4-2, considers six factors: income, race, education attainment, linguistic
isolation, children, and the elderly. These factors were analyzed alongside proximity to heavily traveled
roadways, tree canopy, and parks to identify neighborhoods that have higher demographic vulnerability,
greater environmental hazards, and fewer natural resources. Influence of heavily traveled roadways is
assessed by applying a 500-foot buffer to the following highways and streets in Burien: SR 509, SR 518,
DMMD, Ambaum Boulevard SW, SW Ambaum Boulevard, 16" Avenue SW, 15t Avenue S, S 128" Street,
SW 128t Street, S 128" Street, SW 148t Street, SW 152" Street, and SW 160" Street. Relative canopy
cover is assessed qualitatively using visual review of aerial photographs from 2017 mapped in the Urban
Forest Stewardship Plan (Port of Seattle, 2018). Relative access to parks is assessed qualitatively using
the Cityds parks dat a.

Miller Creek, Walker Creek, and Salmon Creek were evaluated based on these factors as well as
basin-specific characteristics that influence the relative conditions in each basin. All three receiving
waters are considered as candidates for prioritization because the City can have a moderate to high
influence on each through stormwater management actions. These factors are displayed in each of the
three basins in Figure 4-3 below.
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Section 1. Miller Creek Assessment

Stormwater Management Influence

Burien controls 69% of the greater Miller Creek basin area (7.3 square miles) and 50.4% (5.1 square
miles) of the City is occupied by Miller Creek basin. The headwaters of Miller Creek occur at Arbor Lake
(within the City) for West Fork Miller Creek and Tub Lake (within the City of SeaTac) for East Fork Miller
Creek, with a significant portion of the headwater basin contributing to Tub Lake also being within the
City. The two forks combine to form Miller Creek and flow in a southwest direction before discharging into
Puget Sound within the City of Normandy Park.

Miller Creek is a perennial stream that is influenced by both stormwater runoff and groundwater. Urban

streams such as Miller Creek should be prioritized for fsource identification and focused stormwater
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influenced significantly by stormwater runoff, stormwater management actions by the City of Burien can

positively impact Miller Creek.

Land cover in the Miller Creek basin was highly modified before the current stormwater standards came
into effect. By 1998, the majority of the basin had already been converted to impervious surfaces due to
urban development. While there are 204 facilities providing some level of flow control mitigation in the
Miller Creek basin, they are not sufficient to eliminate the negative impacts on stream hydrology from
urbanization. There are several projects under construction and being considered that will improve
stormwater management, thereby reducing erosive flows that reach the stream.

Today, nearly 30% of the land use in Miller Creek basin is considered polluting land use. Polluting land
uses are concentrated in and adjacent to downtown Burien and the southeastern portion of the basin.
There are 224 facilities providing some level of water quality treatment in the basin. Miller Creek and the
tributaries in Burien are not considered impaired by Department of Ecology, however some turbidity and
TSS measurements are higher than those beneficial to aquatic habitat, which may indicate a need for
additional water quality facilities. High ADT roads that receive limited treatment are prevalent in the basin.
Approximately 15% of parcels have onsite septic systems. Only 2% of these systems have recorded
failures since 2018, however resulting bacteria pollution can have a considerable impact on water quality.

Significant growth is expected in the Miller Creek basin, particularly in the urban center and along
Ambaum Boulevard and Boulevard Park corridors. Additionally, several transportation improvement
projects are planned that may encourage development. As redevelopment occurs on sites with older
construction, flow control and water quality facilities will be brought up to current standards and may
positively benefit Miller Creek and its tributaries. While some properties will redevelop and improve overall
stormwater management in the basin, there are also opportunities for the City to invest in stormwater
retrofits in the basin. Approximately 27% of the basin is publicly-owned area and public right-of-way
where stormwater projects could be sited.

In summary, the City has a high SMI in the Miller Creek basin and has good opportunities to benefit Miller
Creek through stormwater management actions after considering the following:

A Miller Creek basin has a large drainage area which can be influenced by the City directly.

A There are opportunities to mitigate impervious and pollutant generating land uses as well as
illicit discharges.

A There are approximately 890 acres of publicly-owned property and public right-of-way.

A There are many high ADT roadways.

A There is significant development pressure.
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